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THROUGH THE EYES OF THE EDITOR 


M. M. DeVan formulates the prosthetic 
problem and makes some suggestions for 
its solution. He sees the problem as one 
which results from the differing means of 
attachment of natural and artificial teeth 
to the bone. He considers the relative ef- 
fectiveness of the support provided by the pe- 
riodontal membrane and the mucoperiosteum. 
The characteristics of each of the tissues 
involved in relation to the types of stresses 
which they are called upon to resist are 
discussed. He sets stability of dentures as 
the primary objective in order to overcome 
the lack of adequate attachment to the 
bone. There can be no argument with the 
importance of stability, for without stability 
all other objectives of dentures: retention, 
support, esthetics, and the health of the 
supporting structures, will be lost. There 
will be varying reactions to the suggested 
“steps in stabilization.” Some of the sug- 
gestions, if carried out, would disturb some 
patients. 

“The centralization of occlusal forces” by 
narrowing the dental arch and padding the 
palate will be objectionable to patients with 
large tongues. The elimination of all 
vertical overlap of anterior teeth (which is 
essential with flat posterior occlusal forms) 
is objectionable, esthetically, to some pa- 
tients. There can be no doubt that retention 
alone is not enough, but all of the objectives 
of dentures can be obtained as well by other 
means than those suggested. This is pro- 
vided, of course, that the same understanding 
of the nature of the supporting structures 
is applied to the alternate procedures. There 
is sufficient clinical evidence that not all 
ridges melt away when the alternate pro- 
cedures are used correctly. 


Arthur S. Freese describes his technique 
for making impressions of unfavorable 
mandibular ridges. The procedure is car- 
ried out in three stages with the final im- 
pression being made in a zinc oxide and 
eugenol impression material. The tech- 
nique should work satisfactorily in many 
instances since it controls the borders quite 
well. There may be some danger of pro- 
ducing too much pressure in the unrelieved 
final tray if the impression paste is too viscid 
or if too much pressure is applied to it 
while the impression paste sets. 

Sidney I. Silverman relates the principles 
and techniques of prosthodontics to the func- 
tional anatomy of the maxillofacial struc- 
tures. He points out the improvement of 
procedures to parallel the better understand- 
ing of the fundamental basic sciences in- 
volved. His emphasis is on the way anato- 
mic structures function, rather than on the 
form and position of these structures. This 
makes an interesting correlation that ex- 
plains the importance of devising techniques 
which conform to the requirements of basic 
principle. On the basis of this analysis, some 
of the differing concepts regarding prostho- 
dontics can be brought into harmonious 
agreement. 

Victor H. Sears discusses the use of oc- 
clusal pivots in the treatment of temporo- 
mandibular joint disturbances. He recog- 
nizes both horizontal and vertical stresses 
on the temporomandibular joints which could 
result from occlusion. He recommends the 
elimination of cusps and the development of 
“occlusal pivots” at the region of the first 
molar tooth in order to eliminate these 
stresses. He points out six evils of anterior 
occlusal loading which merit consideration. 
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The occlusal pivots are intended to move the 
occlusal load posteriorly and thus relieve 
the joints of some of the forces which may 
be applied against them. In reality, their 
use is an extension of the concept which first 
kept the anterior teeth out of contact, then 
the bicuspids, and so on, until now only the 
first molars are to be in contact. This can 
be effective, but most likely for a relatively 
short time. The posterior loading will tend 
to move the lower denture forward on its 
foundation, and, in many mouths, this would 
occur before the temporomandibular joint 
could be substantially relieved of pressure. 
It is biologically sound to expect the soft 
tissues in the temporomandibular joints to 
undergo changes with varying occlusions. 
However, these changes are more likely to 
occur with partially dentulous conditions 
than when complete dentures are worn by 
the patient. A more conservative method 
of treatment is to require the patient to go 
completely edentulous for a period of time 
before new dentures are constructed. The 
elimination of all occlusal contacts for a 
time sufficient to allow all of the tissues in- 
volved to become healthy before dentures are 


made is a sound practice. If malocclusion 
is the cause of disturbing tensions, this pro- 
cedure will eliminate it. 


Irving M. Sheppard discusses the rela- 
tion of occlusion and temporomandibular 
joint morphology to temporomandibular joint 
symptoms. He recognized that three causes 
for these symptoms have been suggested, and 
studied 100 patients by means of roentgeno- 
graphs, study casts, and clinical examina- 
tion. He found a relatively high incidence of 
symptoms, especially among denture patients. 
It should be pointed out, however, that the 
symptoms may have been produced by con- 
ditions that existed before the dentures were 
inserted. Temporomandibular joint symp- 
toms were found to exist more frequently 
with certain types of occlusion than others, 
and certain types of condyle positioning were 
found to be associated with symptoms while 
others were not. He suggests that a lim- 
ited condyle movement on opening 35 mm. 
might be an index to the pathology involved 
in temporomandibular joint symptoms. The 
information is important, but it should be 
supported by similar studies of a large num- 
ber of patients. 
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Howard J. Merkeley discusses the den- 
tist’s role in temporomandibular joint dis- 
turbances. He sees psychologic and anatomic 
factors as contributing to these disorders, 
while Sears and others believe the temporo- 
mandibular joint disorders to cause the ten- 
sions. It is probable that both are right, at 
least in part. There can be little doubt that 
nervous tensions can cause a clenching of 
the teeth and bruxism, and that under cer- 
tain occlusal conditions, these can cause 
symptoms of temporomandibular joint dis- 
turbances. Likewise, these disturbances can 
increase the nervous tensions. Whether 
these resultant tensions can cause all of the 
other general symptoms that have been at- 
tributed to them by some clinicians is doubt- 
ful. The anatomic factor described seems 
to be worked out logically. The suggested 
lines of treatment also seem to be sound. 
The silicone appliance for discouraging 
clenching of the teeth warrants adequate 
clinical trial. 

Raymond J. Nagle gives a comprehensive 
review of the role of the temporomandibular 
joint in jaw relations and movements. He 
emphasizes the importance of the physiologic 
rest position on the various functions carried 
out by the structures about the head and 
neck. He believes that the physiologic rest 
position of the mandible is unalterable. 
There are some who class it as a postural 
position, and, as such, it could be changed 
by varying other controlling factors. There 
is no doubt about his conclusions that there 
must be an interocclusal rest distance and 
that statistical averages of these distances 
will not satisfy the requirements of all pa- 
tients. The necessity for the accurate trans- 
fer of anatomic and physiologic relations 
cannot be overemphasized in the develop- 
ment of the occlusion of restorations. 


Heinz O. Beck and W. Earl Morrison re- 
port on their investigations of the Arcon ar- 
ticulator. This report is worthy of study 
by those giving serious consideration to in- 
struments used for arranging teeth into bal- 
anced occlusion. They point out the dis- 
advantages and possibilities of errors in the 
use of the instrument, as well as its ad- 
vantages. The fact that the condylar guid- 
ances on the instrument are attached to its 
upper member is a notable advantage be- 
cause it permits the articulator to be 
closed from a vertical dimension which 
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includes an interocclusal record of eccentric 
position without reducing the inclination of 
the condylar guidances. Also, the mounting 
attachments are made at a uniform distance 
from the axis of the instrument. This al- 
lows the transfer of mounting records from 
one instrument to another, which is not pos- 
sible with most instruments in common use. 
They found that the instrument is not pro- 
vided with a variable Bennett movement ad- 
justment, and it does not have a variable 
intercondylar distance, which would have 
made it more accurate. 

Anthony K. Kaires reports his studies of 
the effect of partial denture design as it is 
related to the movement of abutment teeth, 
and to the vertical and horizontal stresses 
imposed upon their related structures in a 
bilateral partial denture. The measuring 
devices used and the method of applying 
forces to the test model differ from those 
used in a similar study by Frechette. The 
conclusions seem to verify clinical observa- 
tions. 

Louis Blatterfein discusses the prepara- 
tion of abutment teeth for clasping by the 
use of acrylic resin veneer crowns. His an- 
alysis of the requirements of these crowns 
in relation to the problems of clasping for 
partial denture retention is excellent. The 
technique suggested for locating the acrylic 
resin windows within the crowns, for ef- 
ficiency and for esthetics, is simple and prac- 
tical. When full coverage is indicated for 
a tooth which is to serve as an abutment 
for a partial denture, the procedures sug- 
gested will prove to be more than adequate. 

E. W. Skinner and F. B. Carlisle report 
their studies of the accuracy of the alginate 
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impression materials for fixed partial den- 
ture procedures as compared to that of the 
reversible agar impression materials. In the 
course of these studies, the effects of various 
modifications in technique were examined. 
The modifications which produce errors are 
pointed out, and a technique is recommended 
which avoids these errors. It seems that 
the difficulties are not with the accuracy 
of the material, but are in the procedures 
for using them. 

John P. Knowlton discusses the rationale 
of the design of implant castings and insists 
correctly that design is the dentist’s respon- 
sibility. To delegate the design of implant 
castings to a technician who does not know 
the anatomy of the mouth is unthinkable. 
He identifies “columns” on the mandible and 
relates them to occlusal and muscular 
stresses. He suggests that implant castings 
be designed in relation to these “columns.” 
These and other suggestions regarding de- 
sign seem to be logical. 

Joseph S. Landa makes a comprehensive 
analysis of the role of the prosthodontist in 
the treatment of cleft palate patients. He 
points out the fact that this treatment re- 
quires much more than a mechanical ap- 
proach to the problems. The prosthesis must 
be related to the anatomic structures in the 
course of their various functions. This 
requires a broad training of the prostho- 
dontist for rendering this service. He em- 
phasizes the importance of a proper psy- 
chologic attitude on the part of the dentist 
in order to avoid unfavorable psychologic 
reactions on the part of the patient. 


—Carl O. Boucher 





AMERICAN DENTURE SOCIETY AWARD WINNER 


Dr. Robert N. Phillips, intern at the United States Public Health Hospital, 


is shown receiving a check for first prize award in an essay contest conducted by 
The American Denture Society. Dr. John R. Wallace, Winchester, Massachusetts, 
Past President of The American Denture Society, is making the presentation. 


This is an annual essay contest in which senior students in the forty-three 
dental schools in the country participate. The first prize is $500.00. 

The recipient of this year’s award is a graduate of Ohio State University, Col- 
lege of Dentistry. He is a resident of Circleville, Ohio, and is presently serving 
as a Lieutenant, junior grade, in the United States Public Health Service, and 
has been interning as such at the United States Public Health Hospital, Brighton, 
Massachusetts, since his graduation in June, 1955. 

Left to right: Dr. Daniel Holland, President Elect, Massachusetts Dental So- 
ciety; Dr. Robert N. Phillips, the recipient; Captain John A. Hammer, Chief of 
Dental Service, U. S. Public Health Hospital, Brighton, Mass.; Dr. John R. Wal- 
lace, Winchester, Mass., Past President, The American Denture Society. 


From L. T. Maloney, Public Relations Consultant, 6 Beacon Street, Boston, Mass. 
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THE PROSTHETIC PROBLEM—ITS FORMULATION AND 
SUGGESTIONS FOR ITS SOLUTION 


M. M. DeVan, D.D.S.* 


University of Pennsylvania, Philadelphia, Pa. 


T IS A LONG WAY FROM the first perception of the nature of a problem 
I to its clear formulation. It is another long way from there to its solution. 

While this article may be said to contain meager information concerning the 
solution of the prosthetic problem, its chief merit is the information it contains 
leading to a clearer formulation of the nature of the problem. This clearer formu- 
lation is possible because of the science of our times. Science has found new 
tools to formulate and better to solve prosthetic problems which in the past were 
mainly subjects of conjecture. 


NATURE OF THE PROBLEM 


Let us first give our attention to the formulation of the prosthetic problem. 
This problem is to provide a patient with a substitute for his dentition, where the 
mucoperiosteum has replaced the periodontal membrane as the attaching medium 


(Fig. 1). 

The prosthetic problem revolves about this basic fact—that, willy-nilly, the 
substitute dentition (dentures) must be related to the underlying bone through 
the mucoperiosteum and not through the periodontal membrane as the natural 
dentition is related; and any formulation of the denture problem that does not 
begin with this essential difference, between the natural and the artificial teeth, 
is illogical and misleading. 


MODERN TRENDS SENSING THE PROBLEM 


Three modern trends tend to support the statement that the nature of the 
prosthetic problem has long been sensed, even though it has not been clearly 
formulated. 

These trends are: (1) Resorting to complete mouth rehabilitation by means 
of fixed partial dentures. By so doing, the mucoperiosteum is by-passed as the 
attaching apparatus, the missing teeth are replaced by substitutes soldered to the 
remaining natural teeth which are attached to the enveloping bone by means 
of the periodontal membrane. (2) Resorting to implant dentures. Where all 
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the natural teeth and their periodontal membranes are missing, an attempt is made 
_to by-pass the mucoperiosteum as the attaching apparatus by placing the implant 
next to the underlying bone. Implants have possibilities in the prosthetic field 
and only time will tell if they will continue to remain functional and acceptable. 
(3) Resorting to modified tooth factors. Most present-day complete dentures 
have one or more deviations from the anatomic tooth factors such as: (a) having 
a contact clearance between the upper and lower anterior teeth; (b) leaving the 
second molars out of occlusion; (c) using cuspless teeth. All of these measures 
tend to show that there is a sensing of the need for compromise where the mucoperi- 
osteum instead: of the periodontal membrane is used for the attachment of teeth. 


Fig. 1.—A cross section in the premolar region of the natural dentition and the artificial 
denture. Note the differences in foundational relationships. The periodontal membrane at- 
taching the natural teeth to the osseous base (1) is thinner; (2) is more rigid; (3) the site 
of attachment is within osseous mass; (4) the area of attachment is greater; comparison is 
with the mucoperiosteum—the membrane associated with the denture. 


SUPPORT OF THE PROBLEM AS PROPOSED 


Our problem is this: How to build a substitute for a dentition that will con- 
tinue to function on osseous tissue where the associated connecting tissue mem- 
brane is the mucosa instead of the periodontal membrane. 

Before advancing suggestions for the solution of the problem, the nature of 
the problem needs further support and justification. The nature of the prosthetic 
problem cannot be understood unless the nature of the hard and soft tissues, com- 
posing the foundation of a dentition, is understood. 


THE ROLE OF CONNECTIVE TISSUE 


Certain characteristics of connective tissue must be clearly perceived for 
comprehension: (1) Connective tissue is the connecting medium between the 
teeth (both natural and artificial) and the underlying bone. We cannot attach 
to bone directly but only through connective tissue of some sort. (2) Connective 
tissues vary in thickness, rigidity, area, and site of attachment. A cognizance of 
these differences is of extreme importance in perception and formulation of the 
nature of the problem. (3) Connective tissue possesses the property of elasticity— 
that is, it has the capacity to bounce back to its rest form, when the displacing force 
is removed. Displaced connective tissue is energized tissue. The moment the 
displacing force is removed, sufficient hydrostatic force is available to bring it back 
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to rest position. (4) In composition, connective tissue contains over 80 per cent 
of what clouds and rivers are made of, namely, water. The laws of hydrostatics 
partially apply under these circumstances, wherein force is transmitted undiminished 
as equal pressure acting in all directions. 


MATHEMATICAL SUPPORT 


The following facts have been gleaned from Synge’s significant and brilliant 
mathematical analysis as condensed and edited by Gabel.* (1) Connective tissue 
membranes associated with teeth manifest a greater resistance to axial or vertical 
loads than to transverse or horizontal loads. Synge’s mathematical calculations 
reveal a difference of 61 to 1 in favor of axial loads. He assumed that the perio- 
dontal membrane had the same rigidity as rubber (230 pounds per square inch). 
Synge and Dyment using the periodontal membrane of lambs and young calves 
came up with a differential of 17.5 to 1 in favor of axial loads. These figures make 
one point clear—if we would avoid unduly displacing an oral connective tissue 
membrane, it would be wise to plan the tooth factors in such a way as to direct 
the force essentially axial to the natural tooth and essentially perpendicular to 
the ridge. (2) When a connective tissue membrane is interposed between two 
relatively rigid bodies (teeth and bone), any increase in thickness will result in 
increasing the factor of displaceability by the cube of the increase in thickness. 
(3) When a connective tissue membrane is interposed between two relatively rigid 
bodies (teeth and bone), any decrease in rigidity will result in a corresponding 
increase in the factor of displaceability. Only in the light of the above facts can 
we realistically appraise the task of stabilizing a substitute for a dentition that 
must perforce function with the mucoperiosteum interposed between the bone 
and the teeth. 

If we arbitrarily assumed a difference of 5 to 1 in thickness and 1 to 2 in 
rigidity, the mucoperiosteum could be displaced by 1/250th part of a force that 
could displace the periodontal membrane. 


The above statement is really an understatement, and even at that the dif- 
ference is enormous. If we are to stabilize the complete denture to anywhere near 
the degree that the natural dentition is stabilized, we must plan the employment 
of tooth factors that differ markedly from the tooth factors associated with the 
natural dentition. 


CHARACTERISTICS OF BONE 


Likewise, certain characteristics of bone must be clearly perceived for compre- 
hension of the nature of the prosthetic problem. (1) Bones form the framework 
of the body providing both attachment and support to the soft tissues.* Bones 
serve as the passive levers for the exercise of muscular action. Bones support the 
weight of the body. (2) Essentially there are two types of bone: cancellous 
and compact. (3) The conversion of the original mass of cancellous bone into 
compact bone is the result of tensile and shear forces. (4) Cancellous bone is 
adequate to counteract compressive stresses (the type of stress that requires sup- 
port). Compact bone is required to counteract tensile stress (the type of stress 
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required to resist muscle pull). Compact bone arranged in a tubular form is 
required where resistance must be provided for compressive, tensile, and shear 
stresses combined. This combination of stresses must be resisted when the same 
bone must provide support to the weight of the body above it and attachment to 
the muscles around it. (5) Bone is essentially passive—it reacts but does not act 
of its own accord. It responds to force but does not initiate force. Thus, if 
bone is breaking down, the prudent will first look to the forces acting upon it. 
(6) Much of the bone of the alveolar process is essentially cancellous. Along with 
the connective tissue upon it or around it, and the bone underneath it, the bone 
of the alveolar process constitutes the immediate foundation of a dentition or a 
denture. (7) The alveolar process develops with the teeth but it need not neces- 
sarily go with the teeth. This bone remains when the natural teeth are lost and 
can support the artificial teeth. Its widespread disappearance is due to: (a) un- 
wise surgical procedures during the removal of the natural teeth, (b) disuse or 
abuse atrophy or both. 


RELATION OF BONE TO CONNECTIVE TISSUE MEMBRANES 


While bone provides attachment and support to the soft tissue organs of the 
body, it cannot play its role without an associated connective tissue membrane. 
For without periosteum around bones, without articular cartilage about the articular 
surfaces of bones (except those that unite at sutures), without the periodontal 
membrane about alveolar bone, without the mucoperiosteum upon compact or 
cortical bone, osseous tissue could not function. 

When bone remains exposed after surgery we are concerned; bone may be 
said to be “an undercover agent.” A connective tissue membrane is always present 
at the site of an attachment to a bone. The nature of the associated connective 
tissue membrane is important in finding out the kind of stress sustained by a given 
bone. If the connective tissue is articular cartilage as it is around the heads of 
long bones, then the type of stress sustained by the bone is compression. If the 
connective tissue is periosteum with Sharpey’s fibers, the type of stress sustained 
is tension. 

If the connective tissue is tendinous, the type of stress is shear and tension. 
If the connective tissue is mixed—cartilage, tendon, periosteum, then the stress 
is mixed—comppression, tension, and shear. Mixed stresses are sustained by long 
bones that help to support the weight of the body as well as to provide attachment 
for muscle tissue. The long bones illustrate clearly the different kinds of bone 
and the various types of stresses sustained by each. The cancellous bone found 
in their heads sustains compression primarily. The compact bone in tubular form 
comprising the shaft sustains a mixed stress of compression, tension, and shear. 


ANALYSIS OF STRESS COUNTERACTION 


It appears that the architectural pattern of bone is determined by the type 
of stress sustained. If the stress is compressive merely (when it supports solely’), 
the bone is cancellous in structure. If the stress is tensile,-the bone is compact 
in structure. If the stress is mixed, compressive, tensile, and shear, the bone 
is compact in tubular form. 
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The design of prosthetic appliances should be determined by the structure 
of the edentulous mouth. The design should not be planned on the basis of the 
structure that existed when the patient possessed his natural teeth with their 
enveloping periodontal membrane and alveolar housing (Figs. 2 and 3). 


Fig. 2. 


Fig. 3. 


Fig. 2.—A maxillary basal seat eighteen months after the removal of all natural teeth. 
The program of stabilization begins with the removal of the teeth wherein attempts are made 
to salvage as much of the external cortical plates of bone as surgical circumstances will allow. 
The broad tabular tortuous ridge on the right will better stabilize the denture than the ridge 
form on the left. 


Fig. 3.——A maxillary basal seat possessing a favorable form for developing retention of 
a complete denture. However, its narrow round nontortuous ridge form is inferior to that 
in Fig. 2 in developing stability. 
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STRUCTURE-FUNCTION RELATIONSHIP 


Many dentures are built with the idea of restoring lost function without taking 
into consideration the fact that there has been an irretrievable loss of structure 
as well. Function should be predicated on existing form rather than on past 
structure. Function will not be adequate unless the existing structure is adequate. 
For continued comfortable mastication, structure is needed to stabilize either the 
dentition or the denture (Figs. 4 and 5). 


Fig. 4. 


Fig. 5. 


Fig. 4.—A maxillary basal seat sixteen years after the removal of the posterior teeth. 
Note the broad tabular tortuous ridge forms. A partial explanation for this result is that 
through the use of the neutrocentric ecclusion concept, the maxillary denture possessed a marked 
degree of stability. 

Fig. 5.—This maxillary basal seat is favorable for retention, but not for stability on account 
of its narrow round smooth structure. The consistency of the anterior part of the ridge is 
flabby, further decreasing the degree of stability attainable. 
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Artificial dentures are backed up by less bone than the natural dentitions. 
A fact of greater significance than diminution of bulk is that what remains to support 
the artificial denture must be employed through a connective tissue membrane that 
is thick, not rigid, and placed parallel to the surface of the denture. In contrast, 
the periodontal membrane attaching a natural tooth is thin, rigid, and the site 


of its attachment is within the body of the bony mass (Figs. 6 and 7). 
Fig. 6. 





Fig. 7. 

Fig. 6.—A maxillary basal seat seven years after the removal of the teeth. A relatively 
stable denture was worn. Note the broad tabular tortuous ridge form. The program of 
preserving the external cortical bone was eminently successful in this case as is shown by: the 
position of the incisive papilla in relation to the anterior ridge. 

Fig. 7.—A maxillary basal seat wherein resorption of the bone of the residual ridge is 
complete in the anterior region. This result is not the inevitable consequence of the use of 
an artificial denture. It is partially due to a failure to stabilize the denture. 
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PERIODONTAL MEMBRANE 


The loss of the periodontal membrane is indeed an important loss of structure. 
This membrane is unique among connective tissue membranes. Unlike other 
membranes, it must provide both support and attachment for the natural teeth. 
The teeth must be attached to the bone to prevent the force of gravity and the pull 
of adhesive foods from dislodging them. The teeth must also be supported against 
undue displacement during mastication. The lamina dura lining the housing of 
a tooth provides the site of attachment for the periodontal membrane. The lamina 
dura is compact bone, for attachment requires that type of bone, because of the 
mixed stresses involved. The enveloping bone around the lamina dura is can- 
cellous, for its function is to support the tooth during mastication, and support 
requires the counteraction of compressive stresses solely. 


THE SUBSTITUTE FOR THE DENTITION 


Our problem then is to build a substitute for the dentition that will be relatively 
stable in spite of the fact that the mucoperiosteum is interposed between the teeth 
and the bone. Therefore, in the construction of dentures, it is important to take 
into account the difference between the mucoperiosteum and the periodontal mem- 
brane—their differences in thickness, rigidity, and site of attachment. 

Excluding the relatively thin layer of stratified squamous epithelium, the muco- 
periosteum is essentially composed of connective tissue containing some mucous 
glands. 

MEANS OF SECURING STABILITY 


This discussion will now center on ways and means of stabilizing a denture 
that must be attached to the mucoperiosteum. The attachment is by means of 
the forces of interfacial surface tension, adhesion, and atmospheric pressure. 

A popular approach in prosthetic dentistry is to secure maximum possible 
attachment of the denture to the mucosa and thus secure the maximum of retention. 
By this scheme, the denture is not dislodged even though it is incessantly displaced 
during mastication. And the tragedy of this strategy is that it works—at least 
for the time being. There is more than ample time to satisfy the patient and to 
collect the fee involved. The breakdown usually comes later on. We say usually, 
for there is the exceptional case (roughly 1 out of 20) where there is no break- 
down in spite of such abuse. In such cases stamina makes up for lost structure. 


A PARTIAL SOLUTION TO THE PROBLEM 


Keeping in mind the existing foundational circumstances as revealed by this 
discussion, we are now ready to propose at least a partial solution to the prosthetic 
problem. The solution lies in employing every possible means of stabilizing the 
denture and not being satisfied by merely developing sufficient retention. 


RETENTION AND STABILITY DEFINED 


The terms retention and stability need clarification. Retention refers to 
attachment; it is a relationship between the mucosa and the denture. As long as 
the denture does not lose its grip upon the mucosa, retention is sufficient. Stability 
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refers to stillness—lack of movement, during the use of the denture. Stability 
is a relationship between the bone and the denture. As long as positional rela- 
tionships are maintained, stability is maintained. The reason why the factor 
of stability is often ignored is that dentures can function without being stabilized. 
The reason why retention is not ignored is that dentures cannot function unless 
they possess sufficient retention to prevent dislodgment. Ever since the Green 
brothers demonstrated, with the use of modeling compound, the remarkable degree 
of retention that could be secured with post-damming and maximum extension of 
flanges of dentures, we have been overboard with retention. Retention permits us 
to ignore stability for the time being, and to get away with it. This is possible, in 
part, because patients are unconsciously selecting foods on the basis of the stability 
of their dentures. A denture may be relatively stable with one type of food and 
unstable with another type of food. 


A CASE HISTORY 


A patient (77 years of age) had been struggling with unstable dentures for — 
thirty years until resorption had reached such a point that new dentures required 


two units of denture base material for the lower, and a unit and a half for the 
upper denture. For the past seven years the patient has been wearing relatively 
stabilized dentures with comfort. A chance statement by him gave me the clue 
as to the reason why his present dentures were comfortable. “When I was a young 
man,” he said, “I was very fond of steak, but now I can’t bear the sight of it; 
probably because it reminds me of all the pain I suffered when I persisted in trying 
to chew it with artificial dentures.” 


There is little doubt in my mind that in the absence of systemic factors, the 
failure to stabilize is the local factor most responsible for the loss of alveolar 
bone and its sequel—dentures that do not function comfortably. The end result 
is the use of softer foods, rebasing or remaking of the dentures. 


STEPS IN STABILIZATION 


How do we go about stabilizing a denture? First, the mucoperiosteum in its 
rest form should be registered in the impression. This requires the use of impres- 
sion materials like the hydrocolloids and the softer of the zinc oxide eugenol pastes— 
materials that will be displaced by the softest tissues in the mouth. In turn, the 
mouth tissues will not be displaced by them. Second, the palatal portion of the 
denture should simulate the natural palate in form but not necessarily in size, 
the artificial palate being generally smaller in size because of padding of the palatal 
vault... Third, the tooth factors employed should deviate from the natural tooth 
factors whenever such deviation enhances stability. It is not within the purpose 
or scope of this article to discuss tooth factors in detail. However, some comment 
needs to be made for the purposes of clarity. The tooth factors are: (1) position, 
(2) proportion, (3) pitch, (4) form, and (5) number. 
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POSITION 


There should be no hesitancy in changing the position of the posterior teeth 
where such repositioning will result in a greater degree of centralization of occlusal 
forces.” Wherever possible the position of artificial teeth should satisfy the laws 
of statics by placing the teeth within and at right angles to support. 


PROPORTION 


The proportion or size of the occluding surfaces of the posterior teeth should be 
reduced. The occlusal reduction of the substitute teeth should represent roughly 
40 per cent from that of the natural teeth.’ By this reduction, speed of mastication 
is exchanged for reduced pressure. Each masticatory stroke results in less work, 
resulting in less pressure on the ridges. 


PITCH 


The pitch or inclination of the posterior teeth should be made parallel to the 
plane of the underlying residual ridge. By paralleling the occlusal plane to the 
osseous base plane, the direction of the masticatory force is rendered more nearly 
perpendicular to the mean osseous plane. This approach involves the abandonment 
of the use of a compensating curve or the use of a functioning vertical overlap. 


FORM 


The form of the posterior teeth should be devoid of inclines. This does not 
imply the use of flat teeth, but it does demand that all cutting edges be on a single 
plane. The absence of inclines will avoid deflecting the essentially vertical forces 
of mastication horizontally. As a consequence, masticatory forces are kept more 
nearly within, and at right angles to the supporting bone. 


NUMBER 


The number of the posterior teeth may be reduced from four to three in each 
sector. A reduction in number helps to reduce the magnitude of the force. It also 
helps to centralize the points of application of masticatory forces. 


CONCLUSION 


This article is a plea for stabilizing dentures, that is, minimizing their move- 
ment in function. It attempts to show that retention as the sole goal in prosthetic 
dentistry is not enough. The fact that adequate retention has been achieved will 
not necessarily mean that the use of the denture will continue to remain comfort- 
able and efficient. Nor will it imply the preservation of the remaining underlying 
bone. The natural tooth factors, of position, proportion, pitch, form, and number 
should be modified so as (a) to reduce the magnitude of masticatory forces, (b) 
to centralize these forces better, (c) to direct these forces more nearly perpendicular 
to the mean plane of the osseous foundation. | 

The prosthetic problem arises from the fact that the mucoperiosteum has been 
substituted for the periodontal membrane. The difference in thickness, rigidity, 
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and site of attachment between these two connecting tissue membranes makes 
necessary marked deviation from the anatomic tooth factors—this is in order to 
confer to the denture a measure of the stability that characterizes the natural 


dentition. 
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IMPRESSIONS FOR UNFAVORABLE MANDIBULAR RIDGES 


ARTHUR S. FreEEsE, D.D.S.* 
New York, N. Y. 


HE IMPRESSION DETERMINES to a large extent the retention and 
comfort of dentures made for patients with unfavorable residual ridges. 
Normally, the tissues of the mouth have an ability to adjust to dentures, and this 
affords some leeway in our procedures, but many patients with unfavorable ridges 
have lost this ability to adjust to the unfavorable situation. Because of this, the 
slightest error will destroy the retention of dentures and make them uncomfortable. 
The problem is to make an impression which records the surfaces of the 
tissues without displacement in the positions they occupy when in function. 


PRELIMINARY IMPRESSION 


An oversize soft metal impression tray is selected and trimmed until it is 
free of the attachments of the border tissues. Low-heat modeling plastic is 
softened and placed in this tray which is then seated in the patient’s mouth. The 
patient is instructed to run his tongue along his lips, suck in his cheeks, pull 
in his lips, and open and close his mouth. This preliminary impression is chilled, 
removed, boxed, and a stone cast is poured. 


SECONDARY IMPRESSION 


The peripheral extension of the final denture is outlined on the cast (Fig. 1). 
A quick-curing acrylic resin tray is made over the cast and extended just short 
of the outline. The resin tray is returned to the mouth and carefully checked to 
make sure that it does not displace any of the peripheral tissues. 

Wax stops, 10 to 12 mm. mesiodistally, and about the width of the opposing 
teeth or ridge are built on the tray in the molar region on each side and at the 
midline anteriorly (Fig. 2). The wax stops are built high enough that they hold 
the mouth open beyond the normal vertical dimension of rest position. Then the 
wax is softened and the tray is inserted. The patient is instructed to close on the 
wax until the vertical dimension at contact is increased about 3 or 4 mm. beyond 
the normal occlusal vertical dimension. The wax is chilled and the tray is 
removed. 

Self-curing acrylic resin reline material is prepared according to the manu- 
facturer’s directions and placed in the tray. The tray is inserted, and the patient 
is instructed to bite on the wax stops. The increased vertical dimension at contact 
prevents the exertion of too much closing force. The patient is directed to 
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swallow, suck in the cheeks and lips, and to extend his tongue through the spaces 
between the stops until he can touch his lips and cheeks. The method of border 
molding the impression material will prevent any exaggerated movements that 
might underextend the denture. 

This secondary impression will record the shape of the residual ridge with 
its tissues in the positions they assume in function. This is particularly important 
because there usually is some soft movable tissue which can be displaced easily by 
the impression material. This impression should not be used for making the 
denture because it will tend to displace the tissues to an extent that would cause 
many sore spots. The secondary impression is used as a tray for the final im- 


pression. 


Fig: 1. 


Fig. 2. 





Fig. 1—The cast obtained from the preliminary impression. It shows the flatness of the 
residual ridge in the right biscuspid and molar area. The penciled outline marks the 
extension of the borders of the acrylic resin tray. 

Fig. 2.—The acrylic resin tray with three wax stops built to position the tray while the 
secondary impression is made. 

Fig. 3.—The final cast. Compare with the cast in Fig. 1. 











SEQE J. Pros. Den. 
304 FREESE May, 1956 


FINAL IMPRESSION 


The acrylic resin is allowed to harden completely. Then all existing under- 
cuts are relieved so that the cast may be separated from the final impression 
without damage. <A zine oxide and eugenol impression paste is prepared and 
placed in, the relieved secondary impression. This is then seated in the patient’s 
mouth with light finger pressure only, and the patient is instructed to make the 
same border molding movements as before and to open and close his mouth. 
Exaggerated movements by the patient must be avoided, because they will only 
serve to underextend the denture and reduce its retention. When the final im- 
pression is removed, there should only be a thin layer of the impression paste over 
the secondary impression except where undercuts had been removed. This final 
wash compensates for the displacement of tissues produced by the acrylic resin 
reline impression material which was used in the secondary impression. 

The impression is boxed, and a stone cast is poured (Fig. 3). 


SUMMARY 


A means for obtaining an accurate functional impression of an unfavorable 
edentulous mandibular ridge has been described. The impression is developed in 
three stages, each of which has a specific objective. 


1775 BroaDWAY 
New York 19, N. Y. 








DENTURE PROSTHESIS AND THE FUNCTIONAL ANATOMY 
OF THE MAXILLOFACIAL STRUCTURES 


SmwneY I. SILvERMAN, B.S., D.D.S.* 


New York University College of Dentistry, New York, N. Y. 


HE PRINCIPLES AND TECHNIQUES of denture prosthesis have 

generally reflected the development of dentistry as a basic science and clinical 
art. In dentistry’s advancement, it has been observed that newer clinical pro- 
cedures are often based upon a new understanding and application of older con- 
cepts, rather than upon new theories. Nowhere in dentistry is this more true than 
in denture prosthesis, when we consider the action of the maxillofacial structures 
in relation to complete denture function. 

In 1728, Pierre Fauchard' enunciated the principles by which artificial 
dentures could be retained in the mouth as: (1) the employment of atmospheric 
pressure and the principles of adhesion; (2) the adaptation of the action of the 
muscles of the face to the contour of the denture base. 

It took almost two centuries of dental practice to develop techniques in 
prosthodontics which fully utilized the first principle, that is, the employment of 
atmospheric pressure and adhesion for denture retention. Considerations of the im- 
pression procedure dominated complete denture prosthodontics until 1925, when the 
principles of occlusion, occlusal records, and tooth forms were projected in the 
literature and were widely employed clinically. This advance was considerably 
beyond what the profession was able to accomplish in denture prosthesis when 
the emphasis in technique was essentially focused upon the impression procedure. 

In 1927, Fish” summed up this development by recognizing three principal 
factors in the retention of dentures: (1) the faithful reproduction of the bearing 
surface, (2) the favorable leverage position of the teeth and the occlusal sur- 
face, and (3) the shape and form of the polished surfaces. 

To date the profession has explored the first two of these factors rather 
extensively, and thus has brought denture prosthesis to a high level of service. 
However, the third factor, the shape and form of the polished surfaces of dentures, 
either has not been fully examined by the profession, or the information has 
not been put to adequate use as a clinical tool. This paucity of information and 
of application of the principle relating the polished surfaces of dentures to the 
action of the tissues which contact them, exists even though Fauchard called at- 

Received for publication May 9, 1955; revised by the author Sept. 3, 1955. 
* Assistant Clinical Professor, Denture Prosthesis, New York University College of Dentistry 


and Assistant Clinical Professor, Physical Medicine and Rehabilitation, New York Medical Col- 
lege, Flower and Fifth Avenue Hospitals. 


305 











c J. Pros. Den, 
306 SILVERMAN May, 1956 


tention to the fact that the action of the facial muscles aids in retention and 
function of dentures. The profession may claim that it has applied the theories con- 
cerning the contours of the polished surfaces, but, until recently, the relation- 
ship has been thought of essentially as a static, anatomic consideration. 


In the late 1930’s, the profession turned from the study of occlusion as a 
static, positional phenomenon and began to study the musculature which activated 
the mandible and its teeth. The dynamic relationship of occlusal function was 
examined then in terms of free-way space, chewing cycles, the influence of posture, 
habit, and psychogenic factors. 

In the late 1940’s, electromyography and strain gauges were used in in- 
vestigations of the physiologic action of muscles. These findings indicated, in 
part, how and when the muscles maintain a state of dynamic equilibrium and may 
contribute to denture function. 

The advance in theory and technique in dentistry is reflected in the appear- 
ance of new clinical considerations. A large segment of the population requiring 
dentures is in an advanced age group, or is in a group of prematurely disabled 
and chronically diseased patients. For them the usual considerations of impres- 
sion techniques, occlusal adjustments, and tooth forms are not adequate to produce 
satisfactory dentures. These patients suffer from masticatory disability, and fre- 
quently also from impairment of the speech, respiratory, and deglutitive functions. 
The restored masticatory function must coexist with these related functions, for 
the same maxillofacial structures employed in mastication must perform these 
other functions in a highly integrated and synchronized manner. Thus, we find 
the clinical problem in denture prosthesis wherein the patient says, “I can eat 
with them, but I can’t talk,” or “I put them in to eat only, they annoy me other- 
wise,” or “I wear them to go out but can’t eat.” 


It is the obligation of the dentist to investigate further the action of the 
musculoskeletal elements of the head and neck. In this article, I shall attempt 
to present the functional action of the maxillofacial structures, to relate them as 
they are pertinent to the clinical practice of denture prosthesis. I intend to 
demonstrate that the clinical procedures, such as making impressions, recording 
occlusal registrations, and esthetic and phonetic evaluations, are accomplished 
more correctly if the anatomic structures are examined, not only in their static 
morphologic state, but also in the dynamic, functioning state. The word “function- 
ing’ in this concept may be defined as (1) the activity proper to a structure, 
(2) the relationship between structures in space (positional), and (3) the rela- 
tionship between structures in time (rate of movement) collectively. 


ANATOMIC STRUCTURES 


The anatomic structures of the head and neck region may be grouped as 
follows: (1) the central nervous system; (2) the special sensory apparatus; (3) 
the maxillofacial-pharyngeal complex. 

This discussion will relate the morphology of the third group to the functions 
they perform. However, it must be borne in mind that while these areas are 
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separated for discussion, they represent a high degree of integration and mutual 
interdependence in life. 

The maxillofacial tissues present a complex apparatus of muscles, bones, and 
organ spaces, which, when coordinated by the central nervous system, perform 
the functions of deglutition, mastication, respiration, and speech. The four func- 
tions are discrete though they are highly integrated with each other. Each 
has its own developmental history and its own neurologic associations. It is a 
significant feature of these structures that none of the tissues are specialized for 
the performance of any of these functions, either in gross or microscopic morphol- 
ogy, in the way the eye is specialized for vision, and the heart is specialized for cir- 
culation. The specialization of maxillofacial structures is not determined by their 
morphology, but rather by their relationship to each other. For example, the lips 
and the soft palate are not particularly specialized structures but, when they are 
combined in function, can perform highly specialized activities. 

The maxillofacial structures are commonly identified as the “face” of an in- 
dividual. The face is a highly individualized, dynamic structure with many 
psychologic, social, and cosmetic considerations. In the state of rest the face 
does not reveal its potential or its relation to the functions it performs as readily 
as does, for example, the lower extremity. There is no question that the muscle 
arrangement relative to the lower extremity of the skeleton is adapted for loco- 
motion and support. This overt relationship does not exist in the maxillofacial 
structures. 

The complex appearance of these structures is neither accidental nor hap- 
hazard in their development. This complexity assumes a logical relationship, both 
in morphology and in physiologic action, when pertinent reference is made to the 
following considerations: (1) phylogeny, (2) growth and development, (3) 
morphology, (4) functions, and (5) clinical considerations. 


PHYLOGENY 


The morphology of man’s head and neck regions evolved from the lower 
orders of life as far back as the flatworm. The tubelike structure of the worm 
had developed from a structural plan of radial symmetry (jellyfish) to one of 
bilateral symmetry which is characteristic of all vertebrate life. This bilaterality 
sharply differentiated the structure into a cephalic (head) and caudal (tail) re- 
lationship. In addition to this anteroposterior relationship, the flatworm had also 
developed a cephalic opening for the intake of food and for the localization of 
certain sensory organs. It was about this “architectural centerpiece,” according 
to Gregory,’ which opened into the primitive gut that the higher facial designs 
gradually developed. 

The path up from the worms through the vertebrate series to man reveals 
the successive appearance of many structures in and about this primitive open- 
ing: (1) the nose, eyes, and ears; (2) the jaw bones, the teeth, tongue, palate, 
and lips. The process in which these specialized structures developed and gath- 
ered in the head region is called “cephalization.” These newer head structures 
arranged themselves morphologically, as they developed, into two distinct func- 
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tional groups: (1) the brain and the special sense system; and (2) the structures 
for food gathering, mastication, deglutition, and respiration, which make up the 
“special visceral structures.” 

The descriptive term “special visceral’ for the musculoskeletal structures of 
the head and neck relates to their embryologic origin and their function. These 
complex structures with few exceptions arise from and are modifications of the 
primitive branchial arches which in the fish stage alternate morphologically with 
the gill slits in the region of the neck. 

The origin of these muscles is for the most part the same as that of the 
smooth, involuntary, visceral muscles of the digestive tract. Histologically, how- 
ever, they are striated muscles and are essentially under voluntary control as are 
the other striated skeletal muscles. The visceral origin indicates their relationship 
to the slow digestive process, whereas their striated structure permits the rapid 
and voluntary motor activity required for mastication, speech, etc. It is this 
ambivalence of origin and function which distinguishes the branchial (special- 
visceral) musculature from both the smooth visceral musculature and the skeletal 
striated somatic musculature. 


Thus, the maxillofacial pharyngeal region has become the introductory sec- 
tion and the portal or entry to the digestive tube and the respiratory passage. This 
portal of entry, early in its development, may be regarded as an elongated tube 
wider at the facial end and tapering to a narrower diameter at the esophageal 
end. Modifications of this schematic tube developed during the course of vertebrate 
evolution and may be grouped as follows: 


1. Invaginations or projections into the tube, like the tongue, the 
epiglottis, the hard and soft palates, the dentoalveolar structures, 
the lips, the nasal septum, and conchae; each having its own special- 
ized epithelial structures such as cilia, or secretory glands. 
Evaginations or diverticula like the sphenoid, maxillary and frontal 
sinuses, the salivary glands, and a group of endocrine glands (the 
thymus, parathyroid, and thyroid). 


to 


These convolutions separated the simple tube into three clinically significant 
morphologic areas; i.e., the nasal cavity, the oral cavity, and the pharynx. The 
pharynx is the common pathway for both the food and the air passages. The 
passages are separated from each other as they pass to the esophagus and the 
trachea, respectively, by the action of the uvula, the soft palate, the fauces, and 
the epiglottis. These latter structures provide a group of muscle constrictors and 
flaps so that the respiratory and digestive processes can be synchronized in this 
complex arrangement where the food and air passages cross each other in a 
ventral-dorsal direction. 

Clinical Considerations—The phylogeny reveals the soft palate as a critical 
structure in these clinical areas. Its physiologic action during function, if under- 
stood, may be employed to aid in denture function. However, if the action is inter- 
fered with by the denture in violation of the biologic requirements upon the soft 
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palate, the prosthesis will be a failure. Thus, if its relation to respiration, degluti- 
tion, and speech is borne in mind, the soft palate can be more judiciously treated in 
denture prosthesis. 

The action of the soft palate as a flap, which alternates between closure of 
the nasopharynx from the oropharynx and the oropharynx from the oral cavity, in- 
dicates that the soft palate moves through a considerable volume of space. It is 
the character of this movement, its width, depth, height, and rate of movement 
which will determine the posterior border of a denture, not a static examination of 
whether the soft palate drops abruptly or extends in a pharyngeal direction in 
a flat plane. Similarly, the postpalatal seal consideration is not one of a line, but of 
a three-dimensional space wherein the muscles are to be compressed. Thus, it is 
important to extend a denture to the distalmost extent of the postpalatal seal 
area, and to a depth which will not force the denture to be unseated. 

Photographic and cineradiographic studies by Landa,’ Bloomer,’ and others 
in the speech field have shown that the action of the soft palate during elevation is 
not solely hingelike but rather varied and irregular with some lateral and posterior 
parts of the palate elevated more abruptly and thus displaced more than others. In 
a study of the photographic linear tracings of palatopharyngeal movements, 
Bloomer reports, “Comparison of palato-pharyngeal movements during the utter- 
ance of various speech sounds revealed a patiern of configurations noticeably differ- 
ent from those of swallowing. The patterns suggest less sphincteric action in both 
speech and blowing than was observed in swallowing . . . . The complexity of 
valve patterning and its variability for different persons and under different con- 
ditions within the same person suggests the need for a much more individualized 
consideration of muscle structures and actions than has generally been suggested 
by other observers.’ Kile’ has demonstrated, in support of such individualized 
considerations, the wide variety of contour of the posterior border of the soft 
palate. This variety of contour is revealed by careful examination of the action 
of the muscles rather than by accepting a traditional contour form based upon the 
concept of minimum encroachment upon the soft palate. On the contrary, the soft 
palate should be examined and involved maximally by the denture for retention by 
providing both a larger bearing area of surface contact, and the border seal of soft 
compressible tissue (Fig. 1). 

Thus, when the structures of the soft palate are regarded in terms of their 
phylogeny and the variety and the sequence of functions in which they participate, 
one must regard the soft palate as an oral structure also, and not consider it solely 
as a pharyngeal structure upon which we encroach with trepidation. When we 
carefully study and employ the action of the soft palate, we will add a valuable 
adjunct to our denture treatment procedures. 


GROWTH AND DEVELOPMENT 


The phylogeny of the head and neck may be observed in the embryo which 
generally recapitulates many of the ancestral stages of man. There are many 
processes which are incomplete at birth. These postnatal processes each have their 
own rate and schedule of growth and development. The head structures show 
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Fig. 1—These maxillary denture forms indicate the variations which may be obtained in 
the contours of the posterior borders of maxillary dentures. These variations of the posterior 


border deviate markedly from the traditional concept of posterior borders for maxillary 
dentures. These variations can only be determined by careful examination of the soft palate 
during function. A, Bilateral tuberosity groove; B, unilateral tuberosity groove; C, bilateral 
extension; D, unilateral extension; FE, median line spinous extension; F,, posterior extension; 
G, smooth and downwardly curved; H, ragged; IJ, conglomerate. (From Kile, J. Pros. DEN. 4:319- 


326, 1954). 








B, 











ee DENTURE PROSTHESIS AND FUNCTIONAL ANATOMY 311 
very marked changes up to the third decade of life because of the delayed facial 
development. Therefore, when one views a patient’s face, it must always be borne 
in mind that what is observed is only one stage in a process which ceases only at 
death. For example, according to Salzmann:’ (1). the combined head and neck 
length have a changing relationship to total body length; (2) the face height varies 
considerably in relation to total skull and face height. 

1. The dimensions of the head and neck structures do not have a constant 
ratio of length to the rest of the body structures throughout the life span. The 
following figures indicate the changes in ratio: the head and neck in the 2-month- 
old fetus represent 50 per cent of the total body length; at 1 year they represent 
25 per cent of the total length; at 13 years of age they represent 18 per cent of 
the total length (Fig. 2). 
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Fig. 2.—The diagram indicates that it requires almost 18 years for the head and neck 
length to achieve its maximum growth in length. The trunk length maintains a constant length 
ratio percentagewise; i.e., approximately 35 per cent of the total body length throughout this 
period. At 18 years of age, the head and neck is approximately 15 to 18 per cent of the total 
height of man. However, if the extremities do not achieve their full growth in length, the 
percentage of the head and neck length of the total body length is increased considerably. 
Thus, we sometimes find short individuals who seem to have unusually large heads. (From 
Meredith, Howard V.: Length of Head, Neck, Trunk, and Lower Extremities on Iowa City 
Children Aged Seven to Seventeen Years, Child Development 10:129-144, 1939.) 


2. The relative development of the structures within the head and neck 
regions is even more marked by their variances. The ratio of cranial skull height 
to face height varies considerably from infancy to adulthood. Fig. 3 reveals that 
face height starts slowly and reaches its maximum growth late in the second 
decade of life. The skull height, however, achieves its maximum growth rate in 
the first decade of life, reaching at the age of 6 years almost five-sixths of its 
final size. 
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The normal growth of the head and neck is subject to many genetic, environ- 
mental, and social influences over a span of many years of development. Thus, the 
head has a wide range of morphologic appearances and gives rise to the character- 
istic personalized “looks” of each individual. This very plasticity of the head 
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Fig. 3.—The changing ratio of cranial height to facial height as age increases to adulthood 
from 1 year of age is indicated. (From Salzmann, J. A.: Principles of Orthodontics, J. B. 
Lippincott Company.) 
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structures also gives its growth process the power of overcoming many environ- 
mental interferences such as pressure, disease, and trauma. This extreme adjust- 
ability is borne out by a wide range of clinical situations in which the tissues are 
not developed properly or are diseased during the span of life, but in which never- 
theless, the basic functions are carried out adequately; for example, cleft palate, 
partial loss of mandible, soft tissue injury (burns, trauma, etc. ). 


Clinical Considerations—The patient who presents himself for dentures also 
always presents a history of growth, development, and maturation. 

When the arch form, vertical dimension, and free-way space are under con- 
sideration, they must be established in consequence of the patient’s biologic, psycho- 
logic, and social history. One cannot routinely idealize a patient’s face height by 
employing an anatomic norm or an established socially desirable face height which 
is not in harmony with the patient’s history. If the patient has a_ history 
of a mandibular retrusion associated with a large free-way space, it may be neces- 
sary to reproduce this relationship because this so-called abnormal relationship 
is normal for the muscles, joints, and bones of the patient. While there are in- 
dications for modifying arch form, vertical dimension of occlusion, and inter- 
occlusal space, extreme caution as indicated by Landa,’ Nagle,’ Brecker,” and 
others must be exercised not to violate the dynamic equilibrium which the struc- 
tures have established. When this equilibrium is violated, the muscle structures 
may persist in maintaining this equilibrium, and dental pathology generally ensues. 

The history of facial growth and development is very characteristic for each 
patient, and clinically one finds a wide variety of maxillomandibular relations, not 
only in the horizontal relationship according to Angle’s classification, but also in 
the vertical relationship; for example, one frequently observes the situation in 
which the maxillary residual ridge obliterates the denture space required for the 
maxillary denture, and the mandibular residual ridge shows marked atrophy 
or lack of development. Such a vertical malrelation frequently associated with a 
short upper lip creates clinical problems, the answer to which is not always 
surgical intervention. The patient’s developmental history creates this clinical situ- 
ation. Therefore, we must examine the ridges, not with a mechanical articulator 
concept, but in the biologic sense; that is by evaluating the action of the lips and 
tongue during speech and deglutition, and thus decide upon a compromise with 
regard to esthetics. 


A further consideration in the growth and development of the patient is the 
temporomandibular joint which, of all the structures of the head, has assumed 
in recent years greater clinical significance, particularly because patients live longer 
and retain their natural teeth for longer spans of time and because dentistry has 
assumed wide latitudes in its therapeutic procedures while admittedly not under- 
standing too much about the anatomic and physiologic character of the temporo- 
mandibular joint. 

The phylogenetic appearance of the temporomandibular joint permits a wide 
range of function of the occluding surfaces and permits the generation of more 
masticatory power. The essence of this increase in function is the mobility in the 
joint. It is the presence or absence of movement which permits greater or lesser 
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masticatory function. Thus, the loss of the joint action by immobilization through 
fusion of the joint by disease destroys the masticatory function as well as speech, 
and seriously handicaps respiration and deglutition. Such patients deteriorate 
rapidly. On the other hand, loss of the joint by removal of the condyles only limits 
the range of mobility, and thus limits the amount of power which the masticatory 
muscles can generate. The speech, respiratory, and deglutive functions, however, 
are rather adequate. Patients with bilateral condylectomies perform quite ade- 
quately. They have a centric relation which can be recorded and duplicated as if 
they had a temporomandibular joint. 

Other facts of clinical interest are: (1) If the condyles are lost at an early age, 
before maximum growth of the mandible is attained, mandibular retrusion gen- 
erally ensues, and such a patient has a severe Class II maxillomandibular relation- 
ship as an adult. (2) The mandible may assume a renewed growth after adult- 
hood as a result of a pituitary disturbance, such as in acromegaly, and a mandibular 
protrusion results. These relationships must be respected in denture prosthesis. 
Whatever the jaw relation is when the patient arrives for dentures, the musculature 
has accommodated its attachments and its proprioceptive apparatus to the various 
functions it performs, and it behooves us to observe and respect these relationships 
and their history of development. 


MORPHOLOGIC CONSIDERATIONS 


The pertinent structures of the head and neck may be grouped schematically 
into air and food passages, skeletal elements, and muscle groups. 

The relationships between these structural groups are such that the muscle 
groups move the skeletal elements, thus altering the contours of the structures 
This action alternately provides the pathways for the passage and the modifica- 
tion of both food and air. 

Air and Food Passages.—The major cavities which have clinical significance 
are the nasal cavity, the oral cavity, and the divisions of the pharynx, that is, the 
nasopharynx and the laryngopharynx (Fig. 4). 

These structures, with the exception of the nasal cavity, have a wide range 
of volumetric change. The oral cavity, for example, varies from complete obliter- 
ation in swallowing to maximum opening in forced respiration and in singing. 
The pharynx is altered rapidly in its configuration because of the rapid rate of 
contractibility of the tongue and pharyngeal musculature. Direct observation 
through a transparent window on the cheek surface of a patient, and by cinefluoro- 
graphic studies by Syrop," reveal the rapid rate of change of the configuration 
of these organ spaces. One observes and is impressed with the fact that breathing, 
speaking, chewing, and swallowing consecutively are a remarkable feat, and can 
cause considerable embarrassment when their performances are not synchronized. 

Clinical Considerations.—It is not frequently borne in mind during the denture 
prosthesis procedures that these organ cavities are: anatomic entities, functional 
phenomena, and cavities which are altered when the muscles and bones change 
their relationships with each other. When dentures are placed in the oral cavity 
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they are as structurally rigid as were the tooth and alveolar bone they replaced, 
and the dentures cannot be modified in volume to accommodate the spacial re- 
quirements for swallowing and speech. Therefore, the contours of the denture 
base, and the position of the teeth must permit the wide variations in space neces- 
sary for the muscular action necessary for function. The critical consideration for 
denture contour and tooth position is the free-way space which Landa’ regards 
as no less an anatomic entity than other organ cavities such as the body cavities, 
sinuses, and ventricles. 
us 
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Fig. 4.—The subdivisions of the upper air passages are the major cavities which have 
clinical significance in denture prosthesis. (From Ackerman, Lauren V., and del Regato, Juan 
A.: Cancer—Diagnosis, Treatment, and Prognosis, ed. 2, The C. V. Mosby Company.) 

The concept of organ cavities which can be altered in contour during func- 
tion is essential to an understanding of the clinical determination of vertical 
dimension. Boucher” indicates the confusion in the profession concerning vertical 
dimension when he requests the use of qualifying terms for the expression “vertical 
dimension.” He recommends the following terms: (1) vertical dimension of oc- 
clusion; (2) vertical dimension of rest position. If, to the use of these qualifying 
terms, we add the concept of the free-way or the interocclusal space, we may relate 
these terms in the form of an equation: 


Vertical Dimension of Rest = Vertical Dimension of Occlusion 
+ Interocclusal Space (see Fig. 5.) 


Boucher” further stresses the importance of considering the oral cavity as 
a space which has anatomic and clinical significance when he recommends the 
term “‘interalveolar space” to define the space available for dentures within the 
limits of the vertical dimension of occlusion. He stresses the use of this term be- 
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cause the words “interalveolar space of occlusion” specify both (1) anatomic 
reference points, or the alveolar ridges, and (2) the functional character of the 
jaw separation, or the occlusal position. 

Clinically the oral cavity must be viewed as an organ cavity which is altered 
in contour and volume by the presence or absence of teeth, and by its relation- 
ship to the other organ cavities, particularly the oropharynx. Conversely, thus, 
any attempt at denture prosthesis must view and contend with both the functional 
activity and the morphologic character of the contiguous organ cavities. For 
example, the position of the tongue during an impression procedure for a man- 
dibular denture involves alteration in the contour of the oropharynx (Fig. 6). 
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Fig. 5.—The schematic representation of vertical dimension of rest in which the inter- 
occlusal space exists when the teeth are out of contact, assumes that: (1) the lips are in con- 
tact, (2) the patient is in the vertical posture, and (3) the patient is in the so-called respiratory 
rest position. The mandible is thus held in position with the minimal expenditure of energy 
by the musculature (tonic equilibrium). A, Vertical dimension of occlusion: contact of opposing 
teeth or trial rims exists. B, Vertical dimension of rest position: no contact exists; free-way 
(interocclusal) space exists. Resulting equation: vertical dimension of rest = vertical dimension 
of occlusion + free-way space. 


Skeletal Elements.—The skeletal elements may be grouped as follows: (1) 
the cranium and the upper facial bones which are fixed to it by suture joints— 
maxillae, palatine, nasal bones, etc.; (2) the cervical spine; (3) the shoulder girdle ; 
(4) the mandible ; and (5) the hyoid bone. 

The relationships of these skeletal elements may be described schematically 
as in Fig. 7. 

The cranium, according to Sarnat,” may be regarded as resting like a teeter 
saw upon the cervical spine, which in turn is relatively fixed to the shoulder 
girdle. Suspended by musculature from the undersurface of the cranium, anteriorly 
to the spine, is the mandible; in turn, suspended from the mandible is the hyoid 
bone (and larynx), which in turn is attached to the sternum and clavicle below. 
Posteriorly to the cervical spine, the undersurface of the cranium (the mastoid 
process and the occiput) is attached by the long strong neck and spinal muscula- 
ture. The skull is thus maintained upon the vertebral column in a state of 
equilibrium by the posterior cervical musculature and by the anterior complex 
system of muscle and skeletal elements. 
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It is to be noted that there is no trace of symmetry in the ventrodorsal di- 
rection in either the form of the bones or the relative size of the antagonistic 
muscles. Nevertheless, one finds the larger posterior muscles adequately balanced 
by small muscles that enjoy the greater mechanical advantage of longer leverages. 
Further, it must be noted that this equilibrium serves to maintain these structures 
not only for the functions here discussed, but also to participate in (1) the larger 
bodily postural schemes for gait and locomotion and (2) the special senses of vision 
and hearing. 

The interplay between the skeletal elements is focused about the alternate 
fixation of the mandible and the hyoid bone, each bone acting reciprocally with 
the other. The hyoid bone does not articulate with any other bone and is held 
and moved in space solely by the musculature. The mandible, however, articulates 
with the base of the skull in the temporomandibular fossae. 

There is a uniqueness about the temporomandibular joint which sets it apart 
from all the other joints of the skeleton. For example, (1) the joint is a 
diarthrodial ginglymous joint (a sliding hinge joint); (2) the two joints may act 























Fig. 6.—The interplay of the musculature during an impression procedure is indicated 
by the schematic representation, as follows: a, 0, and c, a horizontal plane through the oral 
cavity and pharynx at the level of the dorsum of the tongue. The sequence of illustrations shows 
the tongue moving from a retruded position (a), to median position touching the lips (b), 
to the protruded tongue position (c). Note the alterations in contour of the pharyngeal wall 
(the superior constrictor muscles) and the posterior and anterior pillar of the fauces (the palato- 
pharyngeal and the palatoglossus muscles, respectively). d, e, and f, the respective alterations 
in the distolingual border of a denture obtained from an impression when the tongue was held, 
respectively, in the positions a, b, and c. g, h, and i, the respective alterations in the sublingual 
border near the genial tubercles obtained from an impression when the tongue was _ held, 
respectively, in the position a, b, and c. Thus, the position of the tongue, by the nature of its 
morphologic relations and functional activities, involves the structures of the floor of the 
mouth, the fauces, and the pharyngeal wall. The act of muscle trimming or contouring must be 
viewed, therefore, as a procedure the consequences of which radiate to nearly all the structures 
of the oral cavity. It requires great skill to restrain and to limit the muscle-trimming procedure 
so that the denture borders may conform harmoniously to all the positions of the total 
musculature rather than only to the focus of attention, such as the lingual frenum, ete. 
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alternately as hinges or rotation for each other; (3) each joint limits the range 
of motion of the mandible about the other joint; (4) the sliding or transitory ac- 
tion of the joint coupled with the rotation permit the mandible and its associated 
structures to move through a considerable volume of space during function. 
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Fig. 7.—Diagrammatic representation of muscular balance of the head and neck region. 
A, Head (minus upper face); B, vertebral column; C, shoulder girdle; D, mandible,; E, hyoid 
bone. (From Sarnat, Bernard G.: The Temporomandibular Joint, Charles C Thomas.) 





Clinical Considerations.—The skeletal elements of the maxillofacial structures 
provide support for the musculature and create efficient movement and leverage for 
function. The temporomandibular joint is the focal point about which the move- 
ment is created. The leverage system of muscle, joint, and bone is the same as with 
the structures of the extremities, but the terminology is different; for instance, 
the flexing of the elbow is comparable to the closure or elevation of the mandible ; 
the extension of the foot is comparable to the depression or opening of the 
mandible. The term, translation of the mandible, is similar in concept and 
terminology as for the other joints. In the use of the term, rotation, there is a 
slight difference; that is, in the long bones, rotation is movement around the 
longitudinal axis of a bone, as rotation of the forearm or of the skull on the spine; 
whereas, in the mandible, rotation is predominantly a movement around a 
horizontal frontal axis passing through the centers of the condyles. 

When other joints of the body are lost, function of the parts can only be ac- 
complished if the joint is fixed by fusion or splinting. However, when the temporo- 
mandibular joint is lost, the musculature can activate the mandible by maintaining 
a functional equilibrium between the various muscle groups attached to the mandible. 
Muscle groups of the maxillofacial groups can substitute for each other, just as 
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muscles substitute for each other in the extremities or trunk during locomotion, 
etc., for instance, the suprahyoid muscles become hypertrophied when the condyles 
are lost at an early age because they help to depress and balance the mandible. 


Muscles—The muscles which activate the skeletal elements of the head and 
neck are characterized by several features: (1) a rich supply of blood and nerve 
structures; (2) a great variability in morphology; and (3) a marked ability to 
function in the presence of disease and anomaly. 

The musculature is grouped for study based upon its functional relationships. 
The groups which are of major clinical interest are: (1) the facial, (2) the 
masticatory, (3) the tongue, (4) the palatal, (5) the pharyngeal muscles, and (6) 
the suprahyoid and the infrahyoid groups of muscles. 

The facial muscles are the muscles of expression and are frequently called the 
mimetic muscles. They are very variable in contour, and although widely distrib- 
uted over the scalp and face, these muscles tend to be especially concentrated 
about the orbits, the outer ear, and the lips. It is the mobility of the lips, especially, 
which has extended the usefulness of the facial muscles in expressing emotion, 
speech, and intelligence. The position and tonus of the facial muscles together 
with the underlying bony structures, fat deposits, and skin color are largely re- 
sponsible for the facial appearance of man. They also frequently indicate the state 
of health of an individual. Hence, it is frequently said that a patient ‘looks 
healthy” or “looks sick.” 

The masticatory muscles are powerful muscles which elevate and rotate the 
mandible so the opposing teeth may occlude for mastication. Considerable pres- 
sure can be generated by these muscles when the teeth occlude, and, in some 
psychic and neurotic disorders, as the result of pressure the teeth and the investing 
bone tissues are destroyed. On the other hand, these muscles can move the 
mandible with the extremely sensitive changes in position necessary for rapid, 
precise speech. Their general configuration and position are relatively constant 
and do not vary significantly from individual to individual. 

The tongue is an organ whose muscle fiber and bundle arrangement provide 
for the extremely rapid change in position and morphology required for speech 
and mastication. The tongue is the main articulatory element in the production 
of speech and accounts for its clarity and fluidity. 

The pharynx is the least specialized and most primitive structure of the head 
and neck region. It is a simple funnel-shaped tube wider at the head end and 
narrow at the esophageal end. The constrictor muscles are so arranged by inter- 
locking fibers that a wave of constricting impulses propels the food toward the 
stomach. The pharynx is the common pathway for the air and food passages 
and, as a result, food cannot be long retained there, it must be either passed down 
to the esophagus or regurgitated back to the mouth. Hence the gag and cough 
reflexes are very sensitive in response to this requirement for maintaining the 
patency of the pharynx. 

The infra- and suprahyoid muscles are grouped about the hyoid bone as 
the nomenclature indicates. They aid in depressing and fixing the mandible, the 
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hyoid bone, and the larynx in the performance of the several functions. These 
muscles act in groups as indicated in the schematic drawing relating the skeletal 
elements (Fig. 6). 


Clinical Considerations.—The action of the musculature is the basis upon 
which the functions of mastication, deglutition, respiration, and speech are exe- 
cuted. The character of this action, which is determined by the nature of some 
of the morphologic properties of these muscles, is pertinent to some clinical pro- 
cedures in denture prosthesis. 


The muscles which provide the energy for movement of the mandible are, 
for the most part, muscles which have both origin and insertion in bony rigid 
structures, for example, the masticatory muscles. The skeletal attachments thus 
provide limits to both the motion and the position of the muscles which activate the 
mandible. The latter can be fixed in space and recorded, as, for example, when 
we make a centric relation record. This record can be checked by one practitioner 


against another, and the record will be obtained consistently. 


There are, however, many muscles in the maxillofacial complex which have 
at least one attachment which is not fixed in position by bone but is inserted 
into another muscle or into a raphé. The positions in space of such latter attach- 
ments are, at best, ill defined. The activity of such muscles which have few limita- 
tions in position is pertinent to: (1) the determination of the border extension of 
the distolingual border of the mandibular denture (Fig. 7), and the posterior bor- 
der of the maxillary denture; (2) determining the arch form and incisal line of 
the maxillary denture; and (3) determining the contours of the orbicular oris 
and the position of the modiolus. The muscle groups involved here are the facial, 
soft palate, and pharyngeal muscles. These muscles do not have anatomic land- 
marks which will orient the structures in space for the clinician to record them 
with consistency. Here the clinician is confronted with a wide variety of positions 
which the tissues assume in function, and from which his clinical judgment must 
choose one position to transfer to his cast and to his articulator in order to com- 


plete the denture. 


Our denture procedures are based upon techniques which have developed from 
the above characteristics. We hold the centric relation inviolate because the struc- 
tures allow us to record it and to prove it. On the other hand, the facial muscula- 
ture cannot be fixed in position for recording face height, so we have wider degree 
of tolerance in our choice of vertical dimension and arch form. If the time comes 
that we can find means for determining and recording and checking the optimal 
position of the muscles of expression, of the soft palate, and others, we will make 
more critical demands upon ourselves for the determination of vertical dimension, 
border extension, and so forth. Until then our clinicians must develop the clinical 
judgment which characterizes our profession as an art and a science, makes the 
greatest demands upon us as dentists, and is only fully achieved by those who 
approach the study of our profession with a spirit of integrity and dedication. 
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FUNCTIONS OF MAXILLOFACIAL STRUCTURES 
l. SPEECTI 


Speech is a basic biologic function of the maxillofacial structures. The normal 
development of speech requires the normal growth and development of the maxillo- 
facial structures and the pertinent neurologic apparatus. Conversely, the lack of 
development, the impairment or the loss of the speech function is a symptom of a 
pathologic process. Thus, any anomaly or pathology of the maxillofacial struc- 
tures is generally reflected by evidence of some speech dysfunction. 

The essential characteristic of speech is the production and organization of 
sound into symbols. The production of these sound symbols is a phenomenon of 
several highly integrated factors. For purposes of discussion they are separated 
according to West" into several components: (a) respiration, (b) phonation, 
(c) resonance, (d) articulation, and (e) neurologic integration. 

Respiration—The speech process is initiated by the energy inherent in a 
stream of air. In normal speech, the respiratory apparatus provides, during ex- 
halation, a continuous stream of air with sufficient volume and pressure and under 
adequate voluntary control for phonation. The stream of air is modified in its 
course from the lungs by the maxillofacial structures and gives rise to the sound 
symbols which we recognize as speech. 

Phonation.—When air leaves the lungs it passes through the larynx whose 
true vocal folds modify the stream. The true vocal folds by opposing each other 
with different degrees of tension and space create a slitlike aperture of varying 
size and contour. The folds, by creating resistance to the stream of air, set up a 
sequence of laryngeal sound waves with characteristic pitch and intensity. These 
laryngeal sounds provide the basis for the organization of speech. 

Resonance.—The sound waves produced at the true vocal folds are still far 
from being the finished product that we hear in speech. It is the resonators that 
give the characteristic quality to the voice. The resonating structures are the 
air sinuses, organ surfaces and cavities, such as the pharynx, oral cavity, nasal 
cavity, and chest wall. The resonating structures contribute no energy to the 
stream of air; they act to conserve and concentrate the energy already present 
in the laryngeal tone rather than to let it dissipate into the tissues. However, the 
resonated laryngeal tone is still not speech. 


Articulation.—It is the function of the articulatory mechanism to break up 
and to modify the laryngeal tones and to create new sounds itself within the oral 
cavity. The new sounds are essentially the consonants, which are defined as sounds 
accompanied by friction noises. The consonants are formed as the air stream 


passes by opposing structures which are in contact; for example, (1) the lips 
contact each other for “p’’ and “b,” (2) the tongue touches the teeth and palate 
for “t” and “d.” The articulator mechanism involves the lips, teeth, palate, and the 
tongue. The tongue is by far the most important articulatory structure. 

The final action of the articulatory apparatus is to articulate, that is, to join 
in a fluid sequence all the sounds which have been synthesized into symbols. 
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Without the articulatory capacity, the sounds produced would be only of variable 
pitch, volume, and quality, like a vowel sound. It is obvious that a language built 
upon this basis would be a series of vowel tones like the whine of a dog and would 
be inadequate. This is borne out clinically when speech is impaired in a patient 
who has suffered a paralytic stroke. His speech may be essentially vowellike with 
few consonants, for he is frequently unable to articulate. 

Neurologic Integration.—The factors for the production of speech are highly 
coordinated, some sequentially, some simultaneously, by the central nervous 
system. Speech is a learned function and requires adequate hearing, vision, and 
a normal nervous system for its full development. Associated with speech is the 
whole phenomenon of intelligence. 

When the speech function comes into conflict with the other vital functions 
of the maxillofacial structures, it is speech that suffers. This is particularly true 
when the conflict is with the important reflex actions: coughing, sneezing, hic- 
coughing, and regurgitation. 

Clinical Considerations.—Any disease process or developmental anomaly which 
interferes with these components of speech will give rise to a characteristic speech 
dysfunction. For example, when the following components are impaired, there 
are very characteristic speech problems : 

The respiratory apparatus: When a larynx is removed the source of air 
for speech is eliminated. No speech is possible again unless a source of air is made 
available. A patient whose larynx has been removed (laryngectomy) is taught to 
swallow air and “belch” it up so that it flows with sufficient control adequate for 
the remaining speech apparatus to produce speech. This speech which has a 
characteristic quality is called ‘esophageal speech.” 

The resonators: When a patient’s air sinuses are occluded and the nasal 
tissues and pharynx are inflamed because of an allergy or infection, the speech 
loses much of its quality and sounds flat, nasal, and indistinct. 

The articulators: When the articulatory structures are impaired or lost, the 
speech suffers most in intelligibility. The clinical conditions which exhibit this 
speech defect most frequently are: (1) cleft palate, (2) loss of teeth, tongue, and 
lip tissue, and (3) brain and nerve injury. 

The function of speech has been traditionally regarded in our texts in its 
application to denture prosthesis essentially as a phenomenon in phonetics. Such 
an approach is essentially a mechanical one, and does not represent a full picture 
of how a denture performs in coordination with the speech process. For example, 
when we ask a patient to say a speech sound such as “f” or “v” or even the 
sibilant “s,” we are establishing an artificial relationship; even if we ask the 
patient to express the famous words “Mississippi” or “fifty-five,” we are still 
establishing an artificial speech situation which a patient may perform satis- 
factorily. Such a view of speech does not imply the symbolic, communicative, 
and psychologic aspects of speech in which phonetics is only an automatic con- 
tributory phenomenon rather than the focal point of a speech situation. Thus, 
a patient may subordinate the swallowing and respiratory function in order to pass 
the phonetic speech test of the prosthodontist. 
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A better speech test for a denture is to engage the patient in meaningful 
conversation where (1) he expresses himself emotionally and employs his ‘facial 
muscles in the expression of thought, (2) he modifies and adjusts -his respiratory 
rate and vigor in response to these emotional moods, and (3) he swallows re- 
peatedly his accumulated saliva. Such a speech evaluation at the try-in session 
requires adequate time to talk, time to ask the patient to change his seat, to sit, 
and to walk about. It also requires stable baseplates which will not warp. The 
speech test which requires such time is also one of the best ways to evaluate the 
esthetics of the denture, for when a patient talks he reveals the extent of his 
animation, and we may thus observe the range of the movements of the muscles 
during function. 


Summary.—Speech function is a highly coordinated function dependent upon 
good health for its maximum development. It is easily disturbed in disease and 
when impaired is a symptom of a pathologic process; it is thus frequently an 
excellent diagnostic aid. . 


2. RESPIRATION 


The respiratory process consists of several parts, the first of which is known 
as ventilation, or the process of getting air in and out of the lungs. The air 
enters the mouth and nose and must go through the conducting system: the 
pharynx, the larynx, the trachea, and the bronchial tree to the lungs. This 
ventilating process stated so simply involves many structures, including the abdo- 
men, the thorax, and the maxillofacial tissues. The latter structures have two 
significant contributions to the respiratory process: (1) to provide the portal of 
entry and of egress for the air to and from the lungs, and (2) to prepare the 
physical properties of the inspired air for the protection of the very sensitive lung 
tissues. 


The activity of the maxillofacial musculature which is proper to respiration 
is in a continuous state of function. The continuous activity is characteristic of 
the muscles as a group and not of the individual muscle fibers. This activity, 
further, exists in the so-called state of rest, such as in sleep, and unconscious- 
ness; thus for these tissues the state of rest may also be regarded as a state of 
function. The continuous activity is consistent with the responsibility of these 
tissues for maintaining the patency of the airway, because respiration goes on 
continuously through life. This state of activity is borne out by electromyographic 
procedures. In the maxillofacial tissues, there is always elicited by these pro- 
cedures some electrical energy which is indicative of muscle action. 


This activity is expressed morphologically by the readjustment in space of 
the muscles and skeletal elements which create and maintain the airway. This 
readjustment is in response to changes in posture, metabolic demands, and the 
physical properties of the air. For example, (1) the mouth is kept open and _ be- 
comes an auxiliary airway in fast running or illness; (2) when the head posture 
is changed as in sleeping or bending, the mandible and its associated structures 
change their relationships to the skull and the cervical spine in order to main- 
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tain an optimum airway. The range of adjustment in both instances is rather 
extensive, and is possible because of the extreme mobility of the temporomandibular 
joint structure. 

The structures which bear particular responsibility for maintaining the air- 
way and for protection of the lungs are: 


The Larynx.—Although the larynx is generally associated with voice, it 
protects the lungs from water, food, and debris. It is essentially a valve at the 
proximal end of the airway, which opens and closes quickly and which is pro- 
tected by an ingenious cartilaginous framework. This framework also permits 
the whole laryngeal structure to move in many directions when swallowing and 
mastication are executed. 

The Nasal Structures —The nasal cavity is largely occupied by the turbinates, 
which are coiled scrolls of bone covered with specialized epithelium, and which 
subdivide the air passage into a series of semitubular channels. They are in effect 
“air conditioners,” filtering and warming the incoming air. The nasal cartilages 
surround the external nares and maintain the patency of the anterior end of the 
airway. 

The Pharynx.—The pharynx may be regarded schematically as a simple, 
undifferentiated muscular conducting tube for air and food which is lined with 
secretory epithelium and which lies between the nasal and laryngeal ends of the 
airway. 

Clinical Considerations.—The morphology of the structures is so related to 
the respiratory process that breathed air must traverse the airway during both 
inhalation and exhalation ; thus, both phases of the respiratory cycle must alternate 
in their passage through the airway. This phenomenon has considerable clinical 
significance; that is, the relative duration of each phase, its rate, and quality 
are frequently diagnostic and treatment aids. 

The laryngeal folds which have become specialized for speech and protection 
of the lungs also provide a hazard for respiration. The hazard exists because 
the aperture created by the folds is relatively narrow and may be occluded by 
foreign bodies or swelling, as in disease. 

The concept of respiratory rest position in speech is synonymous with the 
concept of physiologic rest position in denture construction. It represents the 
position to which the mandible returns after a sequence of articulated sounds or 
postulated that this position remains 


15 


of a masticatory experience. Thompson 
constant throughout adult life. However, Thompson’s postulate has been so 
qualified in studies by Ricketts," Landa,” and others in chronic diseased patients, 
in speech problems, and in psychologic diseases which involve the respiratory 
function that we must question the validity of Thompson’s position. It is generally 
accepted today that the rest position varies with posture, state of health, changes 
in arch form, and occlusal plane. This variability permits the optimal airway to 
be established for respiration with the minimal expenditure of energy. 
Clinically, we may observe that the free-way space may be modified by changes 
in respiratory rate and in deglutition. A further clinical consideration is the po- 
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sition of the tongue in relation to arch form; for example, when the arch form 
forces the tongue into the pharynx and thus interferes with the muscle equilibrium 
necessary for quiet respiration, the tongue facilitates the respiratory function and 
moves the denture forward and off the ridge areas. 





Summary.—The maxillofacial structures when viewed as an airway are ca- 
pable of delivering a large volume of air adequate to man’s metabolic needs. It 
protects the lungs by treating the inspired air even under extremely varying 
physical conditions. This remarkable humidifying capacity, among other things, 
enables man to work and live in geographic conditions like the extreme arctic 
cold and the equatorial heat. 


3.. DEGLUTITION 


The mouth and pharyngeal regions are the introductory sections of the diges- 
tive tube. Schematically, the portion of the tube under discussion has its anterior 
(superior) end at the lips and its posterior (inferior) end at the esophageal 
orifice. Between these orifices lie the structures of the oral cavity and the pharynx 
which by their contiguous relationship create the tube. The passage of food 
through this tube from the oral cavity through the pharynx to the esophagus is 
the process of deglutition. 

Deglutition is fundamentally the same process in man as it is in lower orders 
of life. It is a succession of muscular contractions from above downward (from 
the front backward) which propels the food toward the stomach. The action is 
generally initiated at the lips, proceeds back through the oral cavity, and the 
food is moved automatically along the dorsum of the tongue. When the food 
is ready for swallowing, it is passed back through the fauces, formed by the 
tongue, the anterior tonsillar pillars, and the soft palate. Once the food is beyond 
the fauces and in the pharynx, the soft palate closes off the nasopharynx, and 
the hyoid bone and larynx are elevated upward and forward. This action pro- 
tects the larynx from the food and dilates the esophageal opening for the food 
to pass quickly toward the stomach by peristaltic contractions. 

The separation between the voluntary and the involuntary character of this 
wave of contraction is not sharply defined. There are many considerations which 
determine and influence the voluntary properties of the deglutitive process. At 
birth the process is already well established as a highly coordinated activity, 
namely, the swallowing reflex; the newborn child “knows” how to suckle and 
swallow at birth. The reflex, however, is also conditioned by life’s experience ; 
psychologic factors, social customs, the state of hunger, and the state of health 
of the individual, each may modify the swallowing reflex. Some people cannot 
swallow an aspirin tablet, others cannot swallow a capsule, still others regurgitate 
at the odor of some foods. Disease, anomaly, prosthetic appliances, all modify the 
voluntary character of deglutition; a cleft palate patient with no hard and soft 
palatal tissues is conditioned (learns) to swallow food without passing any into 
the nasal cavity. 

The very mature character of the deg!utitive process, coupled with relatively 
unspecialized character of the structures involved in the process, permits the 








: J. Pros. Den, 
326 SILVERMAN May, 1956 


function to be executed adequately in the presence of rather advanced pathosis 
and extensive anomalies. For example, persons who as a result of war have had 
large segments of the face and jaws destroyed very shortly recover the ability to 
swallow adequately with the remaining structures. Thus, the swallowing process, 
of all the functions proper to these tissues, is least easily disturbed and carries 
on its function with the minimum of tissue. The essential tissue is the muscu- 
lature which can function almost independently of the skeletal structures, i.e., the 
mandible, the hyoid bone, and the larynx, which normally expedite the process. 
Therein it differs from the skeletal muscles of the extremities in which the 
skeletal elements are necessary concomitants for the function of the muscles. 
The ability of the muscles related to the deglutitive process to function adequately 
in the primitive manner is related to (1) their visceral origin (generally in the 
viscera the muscles function without the mechanical advantage of skeletal elements ), 
and (2) their schedule of appearance in the phylogeny (the skeletal elements 
appeared much later in the phylogeny than the muscles did in the relation to the 
deglutitive process ). 

Clinical Considerations——The process of deglutition must be accommodated 
by the dentures. When an occlusion rim or wax denture cannot be retained in the 
mouth while the patient swallows, or if the patient expectorates consistently rather 
than swallows, the denture form is not conducive to the achievement of a suc- 
cessful denture. The action of the lips, tongue, and soft palate is not co- 
ordinated, and it may be the result of a number of factors, such as an incorrect 
arch form and/or vertical dimension. 

The requirement that the musculature be adapted to the deglutitive function 
is so critical in denture prosthesis that Tench" recently described a technique in 
which the impression and occlusal records are made under the influence of the 
deglutitory action. When an outstanding clinician like Tench bases a technique 
upon the deglutitive function, it behooves the profession to fully understand the 
phenomenon. 

Habits of tongue-thrust must be evaluated, and the occlusion must be so 
established that the swallowing process is initiated by the opposition of the lips 
with each other, rather than by the lower lip and the upper anterior incisors, or 
the tongue to the maxillodentoalveolar structure. Thus, the arch form, vertical 
dimension, horizontal overlap, etc., can be evaluated long before a denture is com- 
pleted by examining the swallowing process. Of course, to truly evaluate the 
deglutitive process, the trial denture must be prepared as though it were a finished 
denture. 

Summary.—Deglutition is part of the digestive process. It is initiated volun- 
tarily and completed as an involuntary process. It is manifest at birth as a 
swallowing reflex and is considerably modified by life’s experiences. It is highly 
coordinated with the processes of respiration and mastication, and it can func- 
tion adequately in the presence of pathosis. 


4. MASTICATION 


Mastication is the first procedure in the process of digestion. Its contribution 
to the digestive process is to prepare the food mechanically for deglutition, and to 
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initiate the chemical action of the digestive process. The two factors are inti- 
mately related, because the better prepared the food is for swallowing, the more 
intimately is the chemical activity of digestion associated with the food. 

The process of mastication employs the lips, cheeks, tongue, teeth, and palate 
to prepare the food for deglutition. The principal masticatory organs are the 
teeth. The secondary structures are the tongue, the lips and cheeks, and the 
keratinized mucosa of the hard palate and dentoalveolar structures. These masti- 
catory structures are activated essentially by the movement of the mandible, thus 
permitting the teeth of the opposing jaws to occlude and produce mechanical 
reduction in the size of food particles. The energy of this system is supplied 
essentially by the powerful masticatory muscles. The auxiliary muscles of the 
tongue, cheeks, and lips hold the food on the chewing surfaces of the teeth for 
maximum effect. Simultaneously, they direct the food backward, thus initiating the 
deglutitive process. 

It would appear that the teeth dominate the masticatory apparatus, and that 
the associated musculoskeletal structures must subserve their activity. However, 
it is the contrary which is true. The teeth and their function must accommodate 
to these muscular structures as they participate in the more vital functions of 
respiration and deglutition. Where the function of the teeth, because of some 
dental deficiency, is in conflict with the other functions in their demand upon the 
musculoskeletal structures, the teeth yield priority, and dental pathosis may ensue. 

The development of the masticatory apparatus, with its diversified dentition 
and its extreme adaptability, was sparked by the evolution of the mandible and 
its associated temporomandibular joint structure. The mandible, as a single bone, 
was derived from a complex suspensory apparatus comprised of multiple bones 
which were suspended from the base of the cranium. The progressive reduction 
in the number of bones from the reptiles upward, and their final consolidation 
into a one-piece mandible which articulated with the skull permitted the follow- 
ing: (1) the development of the powerful masticatory muscles capable of fully 
utilizing the new mechanical leverages made available by the temporomandibular 
joint, and (2) an associated diversified dentition for the mastication of an omnivor- 
ous diet. It is apparent, thus, that from the beginning of the vertebrate series, 
the mandible (with its joints and associated musculature) preceded and domi- 
nated the masticatory activity of dentition. 

Mastication is a learned process and in the child awaits the appearance of 
teeth for its full development; for example, infants generally when confronted 
with poorly prepared (size) food “spit it out’ because the child has not yet 
learned to masticate food. The fact that mastication is a habit learned over many 
years permits a great variation in masticatory habits, which may become as 
characteristic for an individual as are his habits of gait in locomotion. Masticatory 
habits become so firmly conditioned that frequently, after the restoration of den- 
tures, a patient will persist in retaining an inadequate dietary custom. 


Clinical Considerations —The masticatory process has been subjected to con- 
siderable scrutiny in the last decade. The traditional concept of the laws of oc- 
clusion which Hanau established have been under attack as an oversimplification 
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of a complex biologic process. Boswell,” Kurth,” and Jankelson” have regarded 
the articulator concept of bilateral balance as an artifact and not representative 
of mandibular movement, and Shanahan” has regarded it as representative of a 
pathologic form; i.e., bruxism. Considerable disagreement exists in the profes- 
sion with regard to centric relation and centric occlusion wherein opinions vary 
from “there is no centric relation” to “the clinician can establish it where the 
center of dental mass exists.” Another area of controversy is the “hinge” axis, 
wherein McCollum,” Granger,” and others describe occlusal relations in terms of 
the inviolability of the condyle axis; while another group of clinicians maintain 
the condyle axis and its associated structures are not significant to occlusal func- 
tion. 

It is contended here that some of these apparent differences are not con- 
tradictory, but that each position should rather be considered only as descriptive 
of a related component of the larger phenomenon of jaw function. It is further 
contended here that it is possible to reconcile some of these positions in light of 
the facts that (1) mastication is a learned function, (2) the pattern of growth and 
development influences learned functions, (3) there is a capacity for variability 
and adjustment in the structures in order to maintain a state of dynamic equilibrium 
of the musculature. 

It is true that teeth functioning in the normal natural occlusion do not glide 
over each other during function as they do when teeth are moved on an articulator. 
Even when a clinician who has milled the denture on the articulator requests the 
patient to glide one denture over the other in the mouth, it is not to be inferred 
that this is the manner in which the patient masticates his food. What the glide 
does imply is that the articulator has prepared for the patient a series of positions, 
ranging from centric occlusal contact to extreme lateral contact, which are in 
balance at any position when opposing teeth contact. This series of points or 
positions may be an arbitrary plane of points of contact but, nevertheless, a realisti- 
cally designed plane limited in space by the occlusal records obtained. The plane 
is only one of a myriad of planes which may be described on the articulator and 
which lies within the volume of space through which the mandible may move. 
The plane of opposing contacting surfaces, or points, which is created on the 
articulator and transferred to the mouth, is approached during function not by 
a glide, but by the masticatory chewing cycle described in the literature. At 
any given point of initial contact of the opposing dentures (if the dentures are in 
balanced contact in the mouth), the dentures are conforming to the locus of balanc- 
ing positions created on the articulator. Thus, there is validity to the concept 
of both chewing cycle and articulator balance, and they do not necessarily contra- 
dict each other, but in clinical practice actually reinforce each other’s contribution 
to successful denture construction (Fig. 8). 

Centric occlusion associated with centric relation is a truly learned and 
therefore a conditioned reflex. The whole proprioceptive and motor activity of 
the nervous system is sensitive to changes in centric occlusion caused by eccentric 
occlusal imbalance. At any given time, centric relation associated with centric 
occlusion is constant and can be recorded and checked by different clinicians. 
However, in relation to the dynamics of time, growth, development, and matura- 
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tion, centric relation will change, sometimes very slowly, other times rapidly, 
depending upon metabolism, pathology, etc. The balance between constancy of cen- 
tric relation and centric occlusion is maintained in general by good health and 
normal physiology; the rate of change of centric relation is conversely influenced 
by disease and its related physiopathology. Thus, for clinical purposes, centric 
relation may be considered as constant in the erect posture, and for short intervals 
of time in the life span. It may be considered, however, as a slowly, constantly 
changing phenomenon, which in the long view is part of the dynamic vital process 
ranging from the embryo to the cessation of life. 








Fig. 8.—The plane, a, d, 0, represents the plane of balanced occlusal contacts established 
upon the articulator. It may be regarded as a locus or series of static points of contact 
of the opposing teeth in balance. This locus includes the static relation of centric occlusion, of 
protrusive, right lateral, left lateral and intermediate occlusion. The closed line a a’ a” a 
represents a chewing cycle, according to Kurth,” starting at centric occlusal contact in centric 
position. Closed lines a b’ b” b a,ac’ c”’ caand ad d’ da represent chewing cycles initiated 
at centric occlusal contact position, but in which the initial contact position on the return to 
occlusal contract is at b, c, and d, respectively, which are eccentric points of contact, but are also 
points in balanced occlusion as established by the articulator. The cycles are then completed 
by returning to point a, the final centric occlusal contact. The line, a, d, 0, which was established 
on the articulator by a glide, is thus also the locus) of a point of initial contact in a series of 
chewing cycles which are generated during function. 


Summary.—The masticatory function is accomplished by the structures of 
the oral cavity. The mandible, activated by the masticatory muscles, transmits 
the energy for the mechanical reduction of food by the teeth, tongue, and palate. 
The process is entirely learned, volitional, and automatic. It rapidly adapts and 
adjusts to disease and loss of tissue. In essence it may be regarded as part of the 
deglutitive process, because this process is initiated simultaneously with masti- 
cation. 
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CONCLUSION 


The functions of the maxillofacial structures have been separated for purposes 
of discussion. In life they do not act independently but rather share the structures, 
common and proper to their collective activity in a remarkably synchronized rela- 
tionship. The function of respiration is the most critical in its relation to the 
maintenance of life; the function of deglutition is the most primitive and the most 
resistive to impairment. The functions of speech and mastication are phylogeneti- 
cally younger functions and develop, respectively, as adaptations of the older pro- 
cesses of respiration and deglutition. 

These structures and their functions, when impaired, require in their develop- 
ment or restoration more than mere mechanical or anatomic substitution. They 
also require considerable psychologic and social guidance, since it may be neces- 
sary to overcome or redirect the training and habits of years. 

Finally and most important, as Romer™ indicates, these structures and func- 
tions are regulated in part by the cranial nerves and their nuclei, which, early in 
the phylogeny, served as a primitive brain. In this capacity as a primitive brain 
which was assuming an ever-increasing responsibility as an integrator of the 
nervous system, the cranial nerve structures mediated the activity of many bodily 
functions. Thus, the maxillofacial structures, by virtue of their neurologic associ- 
ations which occurred phylogenetically, are highly integrated with the activity of 
all the structures of the body. 


SUMMARY 


1. The action of the maxillofacial-pharyngeal musculature is for the ac- 
complishment of the functions of respiration, deglutition, mastication, and speech. 

2. These functions are disturbed most easily by disease in reverse order of ap- 
pearance phylogenetically, that is, speech, mastication, respiration, and deglutition ; 
and conversely the structures will reject and resist any interference in the per- 
formance of the more vital functions. 

3. The musculature of the face, the pharynx, the tongue, and the floor of the 
mouth must be regarded in denture prosthesis not only in the physiologic action 
of fiber contraction, nerve and blood supply, but also in the functional activity of 
respiration, deglutition, and speech. 

4. .Denture prosthesis must participate in harmony with the structures in the 
performance of these functions in order to function satisfactorily. 

5. The active musculature can be directed to implement the masticatory ef- 
ficiency, the speech capacity, and the esthetic appearance of the patient requiring 
a denture prosthesis. 

6. Patients with chronic disease, degenerative neurologic disease, congenital 
anatomic anomaly, surgical, traumatic, and psychologic problems require denture 
service over and above the traditional considerations in denture prosthesis of im- 
pression procedures and occlusal registration. They require, in addition, full con- 
sideration of the action of the musculoskeletal structures associated with denture 
function. 
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OCCLUSAL PIVOTS 


Victor H. Sears, D.D.S. 
Salt Lake City, Utah 


ea THAT HAVE their origin in the temporomandibular joint 

are more serious and more numerous than has been realized by the dental pro- 
fession. It is, therefore, incumbent on us to give greater attention to this important 
matter. There is evidence that, at least in prosthetic circles, there is an awakening 
to the responsibility. 

We shall deal here with the occlusal pivot as a factor in successful denture 
service. But the occlusal pivot is more than that. It is an important means of 
giving our patients relief from certain distressing conditions associated with the 
temporomandibular joint, which conditions have been heretofore generally regarded 
by physicians, dentists, and patients as lying outside the province of dentistry. 
Actually, the relief of nondental symptoms following the use of occlusal pivots has 
been so amazing that dental editors have hesitated to accept the reports for publi- 
cation. 

In a three-year study of occlusal pivoting in one hundred patients Bender' 
reports a new diagnostic means for the detection of strain and for the relief of a 
wide range of symptoms remote from the temporomandibular joint. McPhee’ 
reports relief in neuropsychiatric cases in a hospital survey. He says: “In the 
evaluation of this survey there appears to be a close relation between malocclusion 
and insanity.”” Nelson* reports the cancellation of three operations for tic douloureux 
after the use of pivots. Leeds and May‘ report relief in 80 per cent of the nondental 
symptoms in one thousand cases in a four-year study. In the present discussion, 
however, the nondental aspects of pivoting will not be included. Neither shall we 
consider the neurologic explanations. However, those persons interested in this 
phase can consult authorities’ in this field. 


HISTORY 


Although occlusal pivots have been employed more or less routinely in my 
office since 1945, the first dental society talk was in 1950 before the Albuquerque, 
New Mexico, Dental Society. The first clinical demonstration was before the 
Academy of Denture Prosthetics at Washington, D. C., in 1951, where one patient 
wearing pivots for one year and another patient wearing pivots for one week were 
demonstrated. Dentures with pivots were also constructed for a third patient at 
this meeting. The first dental journal article’ was published in 1952. Currently, 
pivots are being used successfully in dental offices, schools, and hospitals. 

Read before the American Denture Society and the Pacific Coast Society of Prosthodontists in 
a symposium to evaluate and correlate the various methods of diagnosis and treatment of 


temporomandibular problems, San Francisco, Oct. 15, 1955. 
Received for publication Oct. 15, 1955. 
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Number 3 
CAUSES OF STRAIN 


Causes of strain in the various parts of the body may be poisons, deficiencies, 
and/or mechanical stress. Our interest here is in mechanical stress in the temporo- 
mandibular joint. Such stress may be horizontal or vertical or both. 

Horizontal stress on the condyles may result from the action of cusp inclines. 
With artificial dentures, such stress results from tooth occlusion out of harmony 
with jaw relation. With meshing cusps, this may be due to inaccurate registrations 
of maxillomandibular relations, or to inaccurate laboratory procedure, or to settling 
of the denture bases. To the several objections to meshing teeth must now be 
added the objection that they may force the condyles horizontally into strained 
relations in their sockets. Where the condyles are already in such strain, new 
dentures made to the same jaw relation and held there by intercusping teeth tend 
to perpetuate the abnormality. 

Aside from this condition of horizontal stress, vertical stress at the condyles 
may result from allowing the occlusal load to be too far to the front of the mouth. 
This vertical stress may be due to faulty construction or to settling of the bases. 
Settling of the bases causes further jaw closure, which in turn moves the occlusal 
load to the most anterior occluding teeth. 

It has long been the practice so to occlude the teeth that in centric jaw relation 
both anterior and posterior teeth meet simultaneously. More recently, the better 
informed dentists have set the twelve anterior teeth out of occlusion in centric jaw 
relation. Even with this improvement, however, the slightest settling carries the 
load to the first bicuspids. 

Now when the occlusal load is carried as far forward as the first bicuspids, the 
mandible becomes a lever of the third class. Here the first bicuspid represents the 
weight and the condyles represent the fulcrum. There are some twenty million 
persons in the United States wearing artificial dentures, and in nearly all cases the 
occlusal load is too far to the front of the mouth. This unfortunate, and largely un- 
suspected, situation presents us with an obligation which should be met with the 
use of occlusal pivots. This situation of occlusal loading too far to the front of the 
mouth causes three major evils. 


EVILS OF ANTERIOR OCCLUSAL LOADING 


Evil number one is the breaking down of the anterior parts of the dental ridges. 
In varying proportions, the anterior parts of the upper and lower dental ridges be- 
come resorbed or softened (or both) to a sufficient degree that the most posterior 
teeth meet, but without this resorption they would be held out of occlusion. 

Evil number two is the bending of the mandible at its weakest place, usually 
just anterior to the angle. This bending causes the typical notching that has been 
erroneously attributed to old age. Unfortunately, it also causes increased divergence 
of the opposing ridges toward the anterior part of the mouth. 

Some authorities have denied that any such bending occurs, but the fact that 
obtuse mandibles are consistently associated with anterior loading is difficult to 
explain by any other hypothesis. This bending finds a parallel in the sugar tong 
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under finger pressure, except that whereas the sugar tong resumes its shape on 
release of pressure, the mandible bends without rebound. Such bending of the 
mandible, incidentally, should dispose of the question as to whether the mandible 
can be a lever of the third class. 

Evil number three is the one that concerns us particularly at this time. It is 
the upward displacement of the condyles in their sockets. Without a breaking 
down of the anterior parts of the dental ridges or a bending of the mandible, upward 
displacement of the condyles is Nature’s only other way of closing the gap between 
the upper and lower molar teeth. 

Although after their occurrence we have at present no means of curing the first 
two major evils mentioned, we can prevent their continuous increase by maintaining 
the load in the molar regions. We are more fortunate with the third evil because we 
have in the occlusal pivot a means of reversing this upward displacement of the 
condyles. 

Perhaps we should also mention three minor evils because they interfere with 
the complete success of artificial dentures. 

When the occlusal load is placed too far to the front of the mouth, it decreases 
the stability of the dentures. Even a posterior palatal seal cannot always overcome 
the resultant tilting action. 

The second minor. evil is pressure in the region of the incisive foramen, with 
consequent burning sensation. 

The third minor evil is the forcing of the labial flanges vertically in the vestibule 
and the tendency to push the upper anterior teeth up out of sight. 

All six of the evils mentioned are either prevented or alleviated by the use of 
occlusal pivots. 


INDICATIONS FOR PIVOTS 


It should not be thought that all displacements of the condyles cause serious 
lesions. A patient reasonably free of deficiencies and poisons and emotionally well 
balanced can tolerate physical tensions in the temporomandibular joints or else- 
where, which would cause serious trouble to weaker patients. Unfortunately, many 
persons are so debilitated that even minor tensions are important. 

This is not to say that we should ignore tensions that elicit no complaints. 
Although less compelling, there are the same reasons for avoiding the evils men- 
tioned, even in healthy persons. 

In general, those patients with the most severe and the longest-standing lesions 
are the ones in greatest need of occlusal pivots, and the ones for whom the pivots 
should be the highest. Pivots should be from 1 to 3 or more millimeters high when 
first installed, depending on the anticipated amount of descent of the condyles. When 
one condyle has a greater upward displacement than the other, the pivot on the 
side of greater displacement should be the higher. It is best to err on the side 
of making the pivots too high rather than too low because they can be reduced easily 
at the end of the treatment if desired. Occasionally it is desirable to make use of 
independently adjustable pivots during the process of mandibular equilibration. 
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ACTION OF PIVOTS 

The action of occlusal pivots is to reduce the unfavorable stresses, especially 
the upward stresses, in the temporomandibular joints. With sufficient reduction of 
these stresses, the condyles can return toward their normal positions. 

It should be emphasized that pivoting is a means of stress reduction, and 
not at all a forcing of the condyles into new positions. This should be sufficient 
answer to the critics who hold that the dentist has no right to push the mandible 
around. It also challenges the concept that the dentist must accept whatever 
temporomandibular relations are found at the beginning of denture construction. It 
now becomes clear that the dentist has limited control of all five factors in 
Hanau’s Articulation Quint. 

The pivoting that causes the condyles to descend is not a matter of balancing 
the occlusion nor of removing the obstructions to provide a free lateral glide of the 
opposing teeth. ‘‘Balanced occlusion” and “clearing the occlusion” are desirable, 
but no attempt to achieve them should be made when the condyles are in malrelations. 
It is a matter of doing first things first; occlusal equilibration should follow and 
not precede mandibular equilibration. It is unscientific to attempt occlusal equilibra- | 
tion without first producing mandibular equilibration. 

Nor should pivoting be confused with “bite raising.” It so happens that it is 
advisable to increase the degree of jaw separation in most patients to be treated 
with occlusal pivots, but many times the degree of jaw separation should remain 
unchanged, and occasionally it needs to be reduced. Sometimes an inadvertent 
pivoting is obtained when the jaw separation is increased, and the dentist credits 
the so-called “‘bite raising” with the relief of symptoms when the improvement may 
have been due to the unplanned pivoting. Rebuilding the occlusal scheme while 
maintaining the occlusal load too far anteriorly might also account for the failures to 
produce relief of symptoms in some cases of “bite raising.” 

And so pivoting is not forcing the condyles, it is not balancing the teeth, it is 
not clearing the occlusion, and it is not “bite raising.” It is essentially moving the 
occlusal load to the back of the mouth to reduce the upward force at the condyles. 
The anatomist who can prove from well-established anatomic laws that this upward 
and downward movement of the condyles in centric relation is impossible is in 
much the same position as the engineer in the often-quoted pronouncement that 
the bumblebee cannot possibly fly because the structures involved defy the known 
aerodynamic principles. 

The prime function of the pivot teeth, then, is to permit the condyles to descend 
toward their unstrained vertical positions. Secondarily, their function is to permit 
the condyles to assume their unstrained horizontal positions. 

There are cases in which we can, to advantage, use such auxiliary treatment as 
heat, vibration, massage, hypnosis, or medication to hasten the result, but our main 
reliance for restoring the equilibrium of the mandible should be on occlusal pivots. 


APPLICATION 


A simple way to apply the pivoting principle and observe the consequent 
changes is to build the elevations on the molar teeth, thus holding the opposing 
bicuspids and anterior teeth apart. These elevations can be made with quick-curing 
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plastic material. If the teeth are of porcelain, the plastic material should be carried 
down to the denture base, at least on the buccal side, for good retention. 

If it is desired to use pivots without increasing the degree of jaw separation, 
the molars should be left at the established height and all of the teeth anterior to 
the molars should be ground down to be out of contact in centric jaw relation. 

These techniques are so simple and easy that every prosthetic practitioner can 
and should make his own tests on a few patients. Both of these methods are for 
dentures already made; for new dentures the technique is somewhat different. 


ARTICULATOR ADJUSTMENTS 

In placing pivots on new dentures being constructed, the usual procedure is 
carried out up to and including the try-in stage. The usual tests for centric and 
eccentric occlusions are made in the patient’s mouth. After the patient is dismissed 
and before the wax trial dentures are invested, the posts of the articulator are 
lengthened. The amount of lengthening depends on the anticipated amount of 
descent of the condyles. For example, if it is estimated that the condyles have 
been displaced upwardly 2 mm. on both sides, both condyle posts should be 
lengthened 2mm. The separation of the posterior teeth resulting from this lengthen- 
ing of the posts must be compensated for by setting the teeth into occlusion on the 
articulator again before investing the wax trial dentures. 

Not only do we lengthen the posts in anticipation of the descent of the condyles 
in centric jaw relation, but we also increase the steepness of the condyle indications 
on the articulator so that as the dentures are worn the teeth will fall gradually 
into the desired occlusions in the new eccentric relations. 

It has been learned that when the posts have been lengthened 1 mm., the 
condyle indications should be increased 10 degrees; when the posts have been 
lengthened 2 mm., the condyle indications should be increased 15 degrees; and 
when the posts have been lengthened 3 mm., the condyle indications should be 
increased 20 degrees. 

Unless the condyle indications are thus increased, premature contact will soon 
develop at the incisors in protrusive relation. Merely balancing the occlusion to 
increased condyle indications will carry the load to the molar regions in the 
patient’s mouth in both centric and protrusive relations. Although still unorthodox, 
this increasing of the condyle indications on the articulator was advocated as long 
ago as 1929." In this connection, it is interesting to note that where minus condyle 
readings are recorded, these become plus readings after the mandible has been 
placed in equilibrium with occlusal pivots. 


FORM AND LOCATION: OF PIVOTS 


The buccolingual form and location of the occlusal pivot should be according 
to specifications’ already set up for posterior teeth. Fifty per cent or more of the 
occlusal area should lie to the lingual side of the center of the dental ridge. The 
pivot tooth itself should be cuspless to avoid any horizontal stress at the temporo- 
mandibular joint. 

The anteroposterior location of the pivot is determined by a consideration of the 
mechanical principles involved.’ Ideally, the most advantageous position, con- 
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sidered purely from the standpoint of downward condyle movement, would be at 
the extreme posterior end of the occlusal scheme. However, in the case of 
prosthesis we have the problem of denture stability. Pivots placed too far posteriorly 
will cause tipping or sliding of the denture bases. Usually the first molar is the 
farthest posterior position for the pivot. Sometimes the lower dental ridge is firm 
at its most posterior extreme, in which case the pivot can be placed farther back. 


TOOTH MATERIALS 


Even when the patient has been dismissed with the occlusal load in the molar 
region, there is the constant danger of its moving forward again. 

One way to meet this difficulty is to recall the patient periodically for occlusal 
adjustments. There is a better way, however. It consists in making the teeth of 
materials which abrade at different rates. By making the molars more wear- 
resistant than the other teeth, it is possible to maintain the load in the molar regions. 
As the other teeth wear down, the molars act as stops. 

Experiments over the past ten years with various combinations of tooth 
materials in the mouths of patients have yielded some interesting results. 

It was assumed in the beginning that plastic teeth occluded to porcelain ones 
would cause rapid abrasion of the plastic. However, this is not necessarily true. 
It depends on the kinds of plastic and the kinds of porcelain used. 

The combination of choice for pivot teeth is a dense porcelain occluded to a 
tough cross-linked plastic. Surprising as it may seem, this porcelain-to-plastic is 
more wear-resistant than plastic-to-plastic. In the preferred combination there 
develops a high polish on both porcelain and plastic occlusal surfaces, after which 
the wear is negligible. By making the pivot teeth thus more wear-resistant than 
the others, any developing load at the anterior end of the occlusal scheme becomes 
automatically reduced. 

This idea of various materials in the same set of teeth is susceptible of further 
development. Perhaps at some future time the manufacturers will supply teeth of 
gradually increasing wear resistance toward the posterior part of the set, and with 
hard enamel jackets over softer dentinelike centers. At the present, we can use 
the combination of dense porcelain upper molars with all of the other teeth of 
plastic. 


SUMMARY 


Experience with occlusal pivots should cause us to question some of our cur- 
rent assumptions. As indicated, we can no longer assume that whatever conditions 
we find and record at the beginning of denture service are the ones that should 
be used in constructing the dentures. Many patients, and especially denture patients, 
come to us with displaced condyles and distorted jaw movements. This should 
dispose of the contention that the human jaws themselves afford the best articulator 
for arranging artificial teeth. 

We can no longer assume a permanent hinge axis because displaced condyles 
can cause the anatomic axis to shift. On this account the axis on the articulator will 
be incorrect if it is recorded with condyle displacement. The dentist who tattoos 











J. Pros. Den. 
338 SEARS May, 1956 


dots on the patient’s face to record the so-called permanent hinge axis might well 
delay the tattooing until the mandible has been placed in equilibrium. 

Most important of all in relation to the temporomandibular joint is the fact 
that the condyles may have been forced upward in their sockets. In such cases, 
the condyle posts of the articulator need to be lengthened to produce in the patient’s 
mouth a pivoting action on the molar teeth. 

Aside from the possible changes of the hinge axis, and aside from the upward 
displacement of the condyles, we should anticipate the changes of the condyle paths. 
These changes of the condyle paths need to be provided for in the dental articulator. 
The articulator paths will nearly always need to be made steeper than those recorded 
on the patient. 

Finally, we can no longer assume that we have permanently protected the 
temporomandibular joints against injury when we have provided satisfactory oc- 
clusion with the mandible in equilibrium unless we have used a combination of 
tooth materials that will maintain the load in the molar regions. 

We have in occlusal pivots a valuable treatment that will afford our patients 
welcome relief and ourselves considerable satisfaction. By their judicious use, we 
can and should protect the temporomandibular joints of our patients. It is a service 
that only the dentist can render. It is a golden opportunity for dentistry. 
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THE RELATION OF OCCLUSION AND TEMPOROMANDIBULAR 
JOINT MORPHOLOGY TO TEMPOROMANDIBULAR 
JOINT SYMPTOMS 


Irvinc M. SHeEpparp, D.M.D. 
New York, N.Y. 


YMPTOMS IN AND AROUND the temporomandibular joint area have 

been attributed to various causes. These are: (1) a specific disease within the 
joint, such as arthritis, (2) sudden and severe trauma, (3) muscle spasm,’ and 
occlusion. Possibly the largest number of joint symptoms are those related to 
the occlusion. Within the school of thought emphasizing the importance of - 
occlusion we find divergence of opinion. One* implies that the joint anatomy, 
which remains constant throughout life according to this theory, position and 
movement govern the occlusion. All occlusal surfaces must conform in great detail 
to these movements. The diverging viewpoint states’ that the joint mirrors the 
occlusion and is capable of considerable anatomic change in adapting to variations in 
function—within limits, however, when symptoms may begin to occur. 

Inasmuch as many of the joint studies have been done where pathology existed 
in the area and where it was possible to attribute the cause to some grossly visible 
occlusal deformity, it was determined to examine a series of routine patients. This, 
it seemed, might show some joint abnormalities without symptoms, and the relation- 
ship of joint symptoms, joint anatomy, and occlusion could be investigated with 
study casts. The casts, together with the history, clinical examination, and 
temporomandibular joint roentgenograms yielded the material for the study. The 
roentgenograms were made with the Updegrave technique,’ using three exposures 
on each side. They were made at centric position, rest position, and with the 
incisors open 35 mm. In the clinical examination, the condyles were palpated on 
both sides with repeated opening and closing of the jaws. One hundred adult 
patients were selected at random, examined, and classified according to the size and 
depth of the fossae, anteroposterior positioning, superoinferior positioning, shape 
and size of condyles, direction of movement of the condyle from rest to closure, 
extent of movement of the condyle in the fossa upon opening 35 mm. incisally, 
presence of partial and/or complete dentures, deep vertical overlap, crossbite on 
two opposing teeth, crossbite relationship on several teeth, complete crossbite, 
end-to-end occlusion on one or both sides (no intercuspation), edge-to-edge re- 
lationship of the anterior teeth, intercuspation on one or both sides, number of 
missing teeth, mesially tilted lower third molars, clicking, pain, and crepitation. 
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We realize the shortcomings of making an evaluation of the findings in a 
series of 100 patients, particularly in the light of human variables in roentgeno- 
graphic interpretation. The latter seems most important in the absence of a 
temporomandibular roentgenographic technique of micrometric accuracy. How- 
ever, with the technique used, the head was relatively immobilized while the 
three exposures were made on each side. 


CLINICAL EXAMINATION 


Subjective and objective examinations of the patients were in themselves 
revealing. The fact that 43 per cent of the patients examined had joint symptoms 
other than subluxation (Table I) illustrates the need for study in this area. 
Clicking appears to be the predominating symptom. Actual pain or a history 
of pain occurred in 10 per cent of the patients. 


TABLE I. INCIDENCE OF SYMPTOMS 


SYMPTOMS PATIENTS 
Temporomandibular joint symptoms—clicking, pain, crepitation 43 
Clicking in both joints 18 
Clicking in one joint 15 
Clicking in one or both joints 33 
Pain in one or both joints 10 
Symptoms free (may have or have had subluxation) 57 


ANATOMIC RELATIONSHIPS 


The relationship of the size of the fossae, their depth, and the shape of the 
condyles were correlated to the presence or absence of symptoms (Table IT). 
Patients with small or shallow fossae on both sides and those with flat condyles 
appeared more symptom-free than others. 


TABLE II. CorRELATION OF SyMPTOMS TO ANATOMIC ForRM 


NUMBER WITH WITHOUT 

OF PATIENTS | SYMPTOMS SYMPTOMS 
Small fossae, one side 23 10 13 
Small fossae, both sides 23 7 16 
Small fossae, on one or both sides 46 17 29 
Shaliow fossae, one side 31 5 16 
Shallow fossae, both sides 34 12 22 
Shallow fossae, on one or both sides 65 27 38 
Flat condyles, one side 21 5 16 
Flat condyles, both sides Zi 7. 14 
Flat condyles, on one or both sides 42 12 30 


CONDYLE POSITIONING 


The position of the condyles in their fossae when the jaws were closed in 
what appeared to be centric position or convenience eccentric position was studied 
for a possible relation to joint symptoms (Table III). The recordings were made 
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from an anteroposterior and superoinferior direction with central positioning in the 
middle of each classification (Figs. 1-6). When the condyle was noted equidistant 
from the anterior, superior, and posterior borders of the fossae (with adequate 
disk space), it was considered as central positioning. Closer proximity to one 
border of the fossae than another classified a condyle as having the positioning of 





Pig. f. Fig. 2. 


Fig. 1.—An asymptomatic joint with posterior positioning of the condyle (complete 
dentures). 
Fig. 2.—An asymptomatic joint with posterior positioning of the condyle (partial dentures). 





Fig. 3. Fig. 4. 


Fig. 3.—A symptomatic joint with superior positioning of the condyle (natural dentition). 
Fig. 4.—A symptomatic joint with limited condylar movement upon opening incisally 35 mm. 


the former. For example, a condyle nearer the anterior border of the fossae than 
either of the others was considered as an anterior positioning. If, however, the 
condyle was seated deeply in the fossa, though it might be approximately equidistant 
from the anterior and posterior walls, it was termed superior positioning (See 
Fig. 3). 
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Anterior positioning did not appear to be related to the problem of symptoms 
in patients with natural dentitions. Posterior positioning was more often symptom- 
free than not, except when it occurred on one side only. Superior positioning, 
when it appeared on one side, appeared noticeably more associated with symptoms. 
Inferior positioning did not appear related-to symptoms, while central positioning 
on both sides seemed most often to be symptom-free. 





Fig. 5. Fig. 6. 


Fig. 5—A symptomatic joint at rest position. This condyle is more anterior than most, 
and it has translatory movement on closure to occlusal contact. Compare with Fig. 6. 


Fig. 6.—The same temporomandibular joint shown in Fig. 5 with the teeth in occlusal 
contact. Note the change in the position of the condyle which indicates that translatory 
movement has occurred. 


TABLE III. CorRELATION OF SYMPTOMS TO CONDYLAR POSITIONING 











% WitH | % WITHOUT 











SYMPTOMS | SyMPTOMS 

Anteroposterior 

Anterior positioning, one side 4 9 
Anterior positioning, both sides 5 3 
Anterior positioning, on one or both sides 9 12 
Posterior positioning, one side 10 7 
Posterior positioning, both sides 7 16 
Posterior positioning, on one or both sides 17 23 
Central positioning, one side 12 13 
Central positioning, both sides 18 Ze 
Central positioning, on one or both sides 30 35 
Superoinferior 

Superior positioning, one side i2 2 
Superior positioning, both sides 4 5 
Superior positioning, on one or both sides 16 10 
Inferior positioning, one side 6 7 
Inferior positioning, both sides Z 2 
Inferior positioning, on one or both sides 8 9 
Central positioning, one side 14 12 
Central positioning, both sides 21 38 
Central positioning, on one or both sides 35 50 
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DIRECTION OF CONDYLAR MOVEMENT 


The direction of movement of the condyle in closure from rest position to 
centric occlusal position has been assumed to be rotatory.* The studies described in 
this article show most movements to be rotatory or posterosuperior (Table IV, 4). 
Posterosuperior movement on both sides appears to be slightly more often associ- 
ated with symptoms, while in pure rotation on both sides the patients were con- 
siderably more often symptom-free. 


EXTENT OF CONDYLAR MOVEMENT 


The extent of condylar movement on opening incisally 35 mm. was also cor- 
related with symptoms (Table IV, B). It was noted that those with less than 
normal condyle movement, such as failing to approach the eminentia, would be 
more likely to have symptoms, particularly if this condition were found on only 
one side. Excessive movement beyond the eminentia on one or both sides did not 
seem to be related to symptoms. 


TABLE IV. CorRRELATION OF SYMPTOMS TO CONDYLAR MOVEMENT 








PATIENTS 
| WITH | WuitHouT 
| SyMPTOMS SYMPTOMS 


\ sees 





A. Direction of Movement from Rest Position to Closure 


Posterosuperior, one side 8 10 
Posterosuperior, both sides yA 16 
Rotatory, one side 10 13 
Rotatory, both sides 11 26 
Posterior, one side 1 2 
Superior, both sides 1 1 


B. Extent of Condylar Movement on Opening Incisally 35 mm. 


Less than normal movement, one side 5 2 
Less than normal movement, both sides 4 3 
Less than normal movement, on one or both sides 9 5 
Movement to eminentia (normal), one side 12 8 
Movement to eminentia (normal), both sides 10 30 
Movement to eminentia (normal), on one or both sides 22 38 
Excessive movement (beyond eminentia), one side 9 8 
Excessive movement (beyond eminentia), both sides iG 15 
Excessive movement (beyond eminentia), on one or both sides 24 23 


| 
| 
| 
| 


OCCLUSAL RELATIONSHIPS 


Deep vertical overlap and crossbite cases were not significantly related to the 
presence or absence of symptoms except to a slight degree with the symptom group 
(Table V). An end-to-end occlusion on one side was favorable symptom-wise, 
but when it occurred on both sides it was less favorable. Patients with an 
edge-to-edge relationship of the anterior teeth were found to be symptom-free, 
as were also those with intercuspation of posterior teeth on one or both sides. 
Tilted lower third molars or their equivalent were more often associated with 
symptoms than not. 
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TABLE V. CorRELATION OF OCCLUSION TO TEMPOROMANDIBULAR JOINT SYMPTOMS 


PATIENTS 


|. Wita WitHouT 

| SYMPTOMS | Symptoms 
Deep vertical overlap 5 4 
Crossbite, two opposing teeth 5 5 
Crossbite, several teeth 8 7 
Crossbite, all teeth | 1 
End-to-end occlusion, one side 8 12 
End-to-end occlusion, both sides 17 12 
Edge-to-edge relation of anterior teeth 2 5 
Intercuspation, one side 7 12 
Intercuspation, both sides 10 25 
Tilted lower third molars or the equivalent 11 7 


DENTURE PATIENTS 


Denture patients presented findings somewhat different from those of the 
entire group (Table VI). Anterior positioning and superior positioning 


TABLE VI. DENTURE PATIENTS 


WITH WitHout 
SympPtoMS | SyMPptTomMs 

Denture patients studied 10 10 
Anterior positioning in one joint 3 1 
Anterior positioning in both joints 2 0) 
Anterior positioning in one or both joints 5 ] 
Posterior positioning in one joint Zz 2 
Posterior positioning in both joints Z 6 
Posterior positioning in one or both joints 4 8 
Superior positioning in one joint 2 0 
Superior positioning in both joints 0 0 
Superior positioning in one or both joints Z () 
Posterosuperior in one joint 0 0 
Posterosuperior in both joints 1 0) 
Posterosuperior in one or both joints l 0 
Inferior positioning in one joint 1 3 
Inferior positioning in both joints 0 ] 
Inferior positioning in one or both joints 1 4 
Clicking in one or both joints 10 0 
Pain in one or both joints 4 0 

2 0 


Inability to open completely 





did appear related to symptoms, while posterior positioning did not appear especially 
so. Inferior positioning was associated with symptom-free patients. Clicking in 
one or both joints occurred in most of the denture patients. Temporomandibular 
joint pain occurred in one-fifth of these patients. 


DISCUSSION 


The examination of many temporomandibular joint roentgenographs reveals 
anatomic changes which perhaps are part of an adaptive process. These changes 
appear to be the enlargement and flattening of the fossae and the condyles. Despite 
this apparent ability of the joint to adapt itself to a changing environment, symptoms, 
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principally clicking, were found in many patients. Some latitude in condylar po- 
sition was noted in anterior and inferior positioning. Posterior positioning and 
also superior positioning were not particularly associated with joint symptoms 
unless they occurred only on one side. The possibility of a twisting motion of 
the mandible exists, which would cause more closure in either of these directions. 
It would seem that considerable latitude in positioning is possible, provided it is 
similar on both sides. 

It was noted that condylar movement from rest position to occlusal contact is 
not always rotatory. There is the possibility that premature contacts may have 
caused a posterior and superior positioning on closure. The accuracy of centric 
relation recordings taken at or near the rest position cannot be termed definitive 
from these studies. The question still arises, “Is the closure from rest position 
purely rotatory in normal closing of the jaw?’ It appears that while it is not 
always rotatory, such translatory movement as does occur may or may not be due 
to occlusal abnormalities. 

The extent of condylar movement forward, on opening incisally 35 mm., may 
be a crude index of pathology if it is less than normal. Excessive movement, on 
the other hand, may be of little significance from a viewpoint of symptoms. This 
presents a somewhat different picture from dentistry’s previous fears of sublux- 
ation with its possible relation to dislocation. Evidently many patients’ condyles 
move beyond the anterior borders of their fossae very often and without ill effects. 

In the occlusal observations, the end-to-end occlusions on both sides did not 
fare as well as those with intercuspation. Perhaps the former is a less stable 
relationship. The tilted third or second molars with their grossly inclined occlusal 
surfaces presented reason enough for their association with joint symptoms. Closing 
forces directed along the tilted long axis may conceivably result in malpositioning 
of the condyle. 

It seems likely that the joint area would always adjust to any occlusal ab- 
normalities. However, it is understandable that when undue stress (such as 
bruxism) is placed upon the jaws, if the teeth and bone do not give way, then 
the joint is likely to become symptomatic. 

More denture patients (including those wearing partial dentures) had symp- 
toms than non-denture wearers. The fact that posterior positioning exists in 
denture patients as often as it does, and without symptoms, would seem to indicate 
the relative safety of such malpositioning. 


CONCLUSIONS 


In the 100 patients studied, we observed the following: 

1. The incidence of temporomandibular joint symptoms was extensive. 

2. Considerable latitude in condyle positioning in closure is possible without 
symptoms, particularly if it is to the same extent and direction on both sides. 

3. Condyle movement from rest position to closure is not exclusively rotatory 
in all patients. Many patients exhibit a posterosuperior movement of the condyles 


upon closure. 
4. Limited condylar movement on opening incisally 35 mm. may be an index 
of pathology in the temporomandibular joint and/or its supporting musculature. 
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5. Of the occlusal abnormalities, tilted lower third molars and end-to-end 


occlusion on both sides appeared often to be associated with temporomandibular 
joint symptoms. 


6. In denture patients, anterior and superior condyle positioning was related 


to symptoms, whereas inferior or posterior condyle positioning were not often 
associated with symptoms. 
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THE DENTIST’S ROLE IN SOME TEMPOROMANDIBULAR 
JOINT DISTURBANCES 


Howarp J. Merkevey, D.D.S.; M.D.S. 


Winnipeg, Manitoba 


I‘ A SERIES OF ARTICLES some years ago, Dr. J. B. Costen" * drew atten- 
tion to many symptoms of temporomandibular joint diseases and suggested 
treatments. Of special interest to the dental profession was the suggestion for 
“bite opening.” He frequently made use of corks as a temporary measure to achieve 
this “bite opening,” but he complained that the inability to achieve the desired 
relief was due frequently to a lack of understanding of the requirements of the 
case by the dentist. He said that dentists often used an incorrect technique for 
fashioning a “bite opening” appliance for these patients. Some doubt has since 
been cast on the validity of Costen’s findings, now referred to as “Costen’s syn- 
drome.” His work has, however, focused more attention on the temporomandibu- 
lar joint as a frequent contributor to many and varying disorders. 

Two avenues of approach to the study of temporomandibular joint distur- 
bances have not received the attention they deserve. I refer to the anatomic 
and the psychologic considerations. Let us consider first the psychologic aspect 
of the problem. It cannot be denied that many, many thousands of patients are 
completely edentulous, also that a large percentage of the population has an ex- 
cessive vertical overlap or reduced occlusal vertical dimension, yet only a small 
percentage of any one of these two classes of people complain of temporomandi- 
bular joint disturbance; so it would seem safe to conclude that, in the latter group 
of people, some factor prevails that does not operate in all patients who are 
edentulous or who have a reduced occlusal vertical dimension. 

During the past year, every patient who came to our office complaining of 
temporomandibular joint pain, was, on investigation, found to be suffering from 
sonie type of nervous tension. We must recognize that civilized life today pro- 
vides many causes of these tensions. If we clench the teeth and fists and then 
relax the masseter and the temporal muscles, we cease to feel physically tense 
to any great degree, so we may expect psychologically tense patients to resort 
to frequent clenching of the teeth, especially at night. This clenching, if long con- 
tinued, often produces pain in the occipital region; such pain is frequently a defi- 
nite symptom pointing to temporomandibular joint disturbances. 

When the teeth are clenched, the horizontal or lower fibers of the temporal 
muscle pull the coronoid process of the mandible distally, and thus raise the an- 
terior teeth. Also, the condyle is forced distally and so it impinges on the distal 
wall of the glenoid fossa. This constitutes, in effect, condylar and meniscal dis- 
placement, and causes pain. Another factor must also be considered. As the 
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horizontal fibers of the temporal muscle, which are tendinous, pass forward to 
gain insertion into the coronoid process, they play downward over the temporal 
end of the zygomatic arch (Fig. 1). Since there is no bursa here, it is reasonable 
to expect irritation of this tendinous part of the muscle when prolonged firm 
clenching of the teeth occurs. 





Fig. 1—Head dissection, right side. The zygomatic arch has been removed to show the 
temporal muscle. A, The anterior cut was made here in removing the zygomatic arch. B, 
The coronoid process of the mandible is outlined by pinheads. C, The lower tendinous fibers 
of the temporal muscle loop down and forward to gain insertion into the coronoid process. 
D, The posterior root of the zygomatic arch. The section between A and D has been removed. 
E, The condyle is slightly exposed on its lateral aspect. IF, The external auditory meatus. 


TREATMENT 


The treatment would seem to be threefold; first, the physician or the psy- 
chiatrist should unravel the cause of the nervous tension; second, the dentist should 
discourage the clenching of teeth; and third, the patient should treat the occi- 
pital area. We need not discuss psychiatric treatment; that is in the medical 
field. 

To give relief in the joint by appliances which increase the occlusal verti- 
cal dimension, we should place the appliance distal to the fulcrum point so that the 
condyle will be lowered as the incisors are raised. But where is the fulcrum 
point? Some may, by reference to Bonwill’s 4 inch triangle, measure 2 inches 
distally from the lower central incisors, and so arrive at a point located on the 
distal cusp of the lower second molar. Most writers, however, prefer to locate 
the fulcrum point at or close to the mandibular foramen (sphenomandibular liga- 
ment). So we see the difficulties in locating the occlusal area correctly for the 
placing of an effective appliance for increasing the occlusal vertical dimension. 
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One other method of treatment is open to us, and that is to discourage the 
clenching of the teeth. We have had excellent success in the use of silicone for 
increasing the occlusal vertical dimension for this purpose (Fig. 2). Other 
materials, like velum rubber, latex, ete., were found to be too soft. There must 
he a definite resistance to distortion, but not too much. The silicone appliance is 
made about 3 mm. thick over the first molar tooth and cupped on both sides, so 
that, on occluding, the teeth are locked in one position in occlusion, thus pre- 
venting any grinding. 

The silicone appliance is resilient enough to give on firm occlusion, and it 
keeps on giving as the teeth are clenched more firmly. In other words, the satis- 
faction of clenching is defeated since, as the pressure on the silicone is increased, 
it continues to give still more. Thus the habit is broken. The appliance should 
be worn night and day except at mealtime, over a period of a few months, de- 
pending on the severity of the disturbance. 





Fig. 2.—A snapon appliance. A silicone pad is made on a skeleton metal framework with 
clasps for retention. This appliance was used with a natural dentition. 


Meantime the patient should be instructed in neck massage. This is done 
hy using the fingers for firm massage from the mastoid eminence on one side 
to that on the other side. This is to be done for a full three minutes, at least 
three times daily. It is well to give the patient a part in the treatment, so we 
have them do the massage. This treatment of these patients offers some hope 
where the articular disc is not too much involved, and where the condyle is not 
partially destroyed; but even in these latter cases, some relief of pain can be ex- 
pected, and so it is advisable to use the silicone appliance for some time before 
making a more permanent appliance or restoration. It is important that treat- 
ment of these patients must be threefold, namely, by the physician, the dentist, 
and the patient. 
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TEMPOROMANDIBULAR FUNCTION* 


Raymonp J. Nace, D.M.D.** 


New York, N. Y. 


O DISCUSS THE BROAD subject of function as it relates to the temporo- 

mandibular joint would involve a multiplicity of allied theories. Even though 
germane to the subject matter indicated by the title of this article, such a discussion 
or presentation would take many hours. Because of this very involved function 
and also because of trends in the clinical fields of restorative dentistry and prostho- 
dontics, two very important facets are selected for discussion: (1) the significance 
of physiologic rest position of the mandible and (2) centric relation. Selection of 
these singularly significant functions for this topic is made because of an obvious 
trend previously referred to, obvious to some at least who have been privileged to 
observe the pendulum swinging, so to speak, in an arch which some would rather 
forget. This example of reference is intended to indicate the “bite-raising era” of 
the early nineteen thirties, when indiscriminate increase of the vertical dimension 
was rather common practice. In the main, the results did not reflect to the credit 
of dentistry. Instead of correcting temporomandibular conditions, many symptoms 
were aggravated. Normal-functioning occlusions were placed into traumatic rela- 
tion, from the viewpoint of both physiologic malfunction and malposed teeth 
which caused alveolar destruction because of traumatic resultants. Some specialists 
in the prosthetic field during this era agree that, by and large, the cases coming 
under their supervision for treatment were for correction and retreatment, rather 
than for primary diagnosis and treatment. The dental literature during the thirties 
was studded with articles by Schuyler,» Mershon,* Tench,” and many others, 
which brought to the attention of the profession the dangers of such radical 
treatment. 

Today our knowledge in these fields has increased a thousand-fold. Yet, we 
must be conscious of the increasing tendency toward occlusal rehabilitation with 
multiple splinting involving offsetting of occlusal surfaces as related to the clinical 
root, and splint coverage of all remaining teeth for esthetic purposes only. We 
must be conscious also of the trend toward repositioning the occlusal plane by 
changing the posterior occlusion and repositioning of occlusal relationships into a 
position which cannot be tolerated by the growth pattern and physiologic position 
of the entire musculature of the jaw and interrelated orofacial integument. The 
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thoughts put into this article are not intended as a critical analysis in any way. It 
is hoped that re-emphasis of the importance of physiologic rest position and centric 
relation will be the accomplishment of these thoughts. 


PHYSIOLOGIC REST POSITION 


Perhaps one of the most important relationships with respect to temporo- 
mandibular function, and one needing particular attention when considering any 
occlusal restoration, is that position of the mandible when all the structures are 
at rest. In no way must physiologic rest position be confused with free-way space 
or interocclusal space. To signify the importance of the physiologic rest position, 
however, the interocclusal space, of necessity, must be considered as part of the 
entire anatomic and physiologic picture with a definite functional purpose in the 
over-all consideration. This space develops and is established during the growth 
and development of each person, to varying degrees. Any attempt to invade or 
alter this interocclusal space beyond certain natural limitations will not be tolerated 
by the developmental pattern. 

One of the reasons for the selection of physiologic rest as a subject for dis- 
cussion is because it allows a description of mandibular function and temporo- 
inandibular function as part of a syndrome or pattern, each segment of which is 
dependent upon the other for natural function. 

Brodie,’ in his early studies in the field of cephalometrics, demonstrated that 
a pattern of growth is established as early as the age of 3 months. At birth the 
tongue occupies the entire oral cavity, and the jaws are apart. As growth progresses, 
the jaws grow and the teeth move into position for eruption; the tongue, which 
is controlled by a slower growth pattern, becomes enclosed by the alveolar process 
and the teeth. This development, however, occurs without occlusion of the teeth. 
Previous to the studies of Brodie and others, it was believed that the jaws were 
forced apart by the eruption of teeth. As the pattern of growth continues and 
segments of the face develop, the lower border of the mandible remains constant 
and the relation of the parts essentially does not change. 

Studies also show that the angle of the mandible, once it is established by 
the growth pattern, will remain constant throughout life. It is well established 
that muscle actually never rests,’ but instead is in a state of tonus, which means 
that some fibers are in partial contraction at all times. Ifa muscle, or even a fiber, 
is in a state of tension, there will be movement unless there is some resistance by 
another force to offset or balance that in effect. This opposite force must come 
from another muscle as an antagonist or, if this is not the effect, gravity can play 
the role as the antagonist to the normal tonus. Therefore, muscles have the re- 
sponsibility for movement of a bone, and also must act as the antagonists in order 
to have stability and rest of the parts. 

How, then, does this principle apply to temporomandibular function and 
rest position of the mandible? Also, and more important, how far-reaching 
is this principle? To better comprehend the responsibility of a part, it is better 
to relate it to its interrelated responsibilities. The principle of reciprocal innervation 
of muscles is well known. It also is well known that tonus and balance thereby 
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resulting are responsible (with other factors, of course) for the maintenance of 
posture and equilibruim. 

With these principles as a basis, it should be accepted that the posture and 
position of the head in a large measure are dependent upon a_ physiologically 
stabilized mandible when the head is in a position of rest. To describe this 
further, the head, placed as it is upon the spinal column, is held in a position of 
bilateral balance in the following manner: The greater weight of the head 
anteriorly is controlled by the antagonistic action of a group of muscles which 
are attached in part to the occipital bone. These several muscles, however, are 
much too powerful to function only as a counterbalance to the pull of gravity 
and weight of the anterior segment of the head. They, in turn, must be in a 
functional relation to other muscles or groups of muscles. It is this factor of 
physiologic balance which emphasizes the importance of maintaining the natural 
mandibular position and its relation to temporomandibular function. 

In order that mastication, swallowing, respiration, and the synchronizing 
actions of all parts be permitted, a chain of events must occur, each having a 
sequence dependent upon its predecessor and stimulated by proprioceptor action. 
Each function can be truly likened to a chain link which, if broken or changed, 
will alter the final effectiveness of all parts involved. 

The muscles of mastication and the sphenomandibular, stylomandibular, and 
capsular ligaments attach the mandible to the cranium. The hyoid bone is at- 
tached to the mandible on its superior surface by the suprahyoid muscles, which 
have attachment to the inferior and lingual surfaces of the mandible. The hyoid 
bone is also related by its inferior surface to the infrahyoid muscle group, which 
functions to cause fixation in order that the suprahyoid group may come into 
function. 

To relate these structures only to the act of deglutition would give only 
part of the picture. The whole involves not only deglutition, mastication, and 
swallowing, as previously mentioned, but also control of the bolus by the lingual, 
labial, and buccal structures, together with the maintenance of the complicated 
physiology of normal respiration and respiratory rate. The masseters, internal 
pterygoids, and temporals occlude the mandible with the maxillae. This is one of 
several unalterable relations of anatomic and physiologic importance. The supra- 
hyoid muscles and the infrahyoid muscles must relax to permit these occluding 
actions. At no time is there equivalent bilateral action or an identical repetition 
of previous shortening and lengthening of the same muscles. Throughout this very 
complicated function, however, the posture of the head is not only controlled by 
antagonistic reciprocal action, but its position is alterable by almost inexplainable 
proprioceptor and reciprocal innervation. At the termination of these muscular 
and allied functions, the condyle is returned to its position in the glenoid fossa 
which is in harmony with a state of rest tonus with relation to all structures involved 
in these many complicated functions. This position is an entity; it cannot be 
altered ; and it is the only true position of the mandible at this stage of function. 


Free-way Space (Interocclusal Rest Space).—The position of the mandible 
when in rest tonus determines the true vertical dimension of the face and also 
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dictates the mandibular position with relation to free-way space or interocclu- 
sal rest space. 

Niswonger,” in 1934, brought to our attention the importance of rest posi- 
tion and also its significance when related to complete denture prosthesis with 
reference to the interocclusal rest space. Niswonger also demonstrated, by means 
of an instrument called a “jaw relator,” that the average distance traveled between 
rest position and centric occlusion was, in the largest number of cases studied, 
4/32 inch. In this study, eleven cases were reported in which the vertical relation 
had increased to a point which did not permit the existence of the minimal norm 
average, namely 4/32 inch. In these cases, because of traumatic resultants, alveolar 
destruction occurred and continued until the norm was re-established. 

Thompson,’ in a later (1946) and most scholarly paper, elaborated upon 
the work of Niswonger. Thompson’s conclusions called attention to the mis- 
conception that the teeth in occlusion determined vertical facial height. These 
studies, covering a statistically accepted number of cases, agree essentially with 
Niswonger that the free-way space or interocclusal rest space, as suggested by 
Landa,’ is an average normal of 2 to 3 mm. In some abnormal cases studied, 
interocclusal rest space was measured as high as 10 mm. or more. These cases 
showing a greater rest space nearly always are accompanied by a deep vertical 
overjut, which is normal if the posterior occlusion is present. 

Thompson said, with relation to his studies, “All attempts to increase vertical 
dimension beyond the established rest position of the mandible . . . will result in 
failure. Not only does the mandible return to its resting position, but it invariably 
re-establishes its normal interocclusal space as well.” 

These studies of Niswonger and Thompson have been a very valuable contri- 
bution to our knowledge of this anatomic entity and have been a basis for later 
studies. 

To use the conclusions of these scientists, however, namely 4/32 inch or 3 
mm., as formula for rest space would be an error if applied to all phases of 
restorative dentistry, because normal minimal and normal maximal have a wide 
variation when related to dentulous and edentulous procedures. 

Boos* contributed to our knowledge of vertical dimension and rest space 
when he presented his findings following his study of muscle force or power at 
different vertical dimensions. The instrument used and developed by Boos was 
a gnathodynamometer with a central bearing point. It was demonstrated in this 
study that all patients have a maximum muscle power point which is in direct 
relation to a finely defined vertical and centric relation. It was postulated also 
that this is normal vertical relation in what should be centric occlusion. Using the 
figures of Niswonger and Thompson and relating them to the power point as 
established by Boos, the rest tonus position was selected as being 4 mm. greater 
than the point or position established by this relation of maximum muscle power. 
Restorations built by myself based upon this theory were not successful. Every 
case so treated and restored demonstrated that the normal interocclusal rest space 
had been invaded and function was impaired as a result. 

The assumptions of these and other investigators reporting average normals 
lor interocclusal rest space have been based primarily upon the unalterable rest 
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space. This position, however, cannot be used as a guide for facial measurements. 
Even though the position of rest must always be provided for, by the same token 
we must recognize that a complete state of muscle tonus is only momentary. In 
function, however, interocclusal rest is a space or a distance somewhat beyond 
any measurement within the range of 2 to 4 mm. It also must be recognized 
that it is not possible to transfer such minute measurements to a rigid instrument 
to which are attached casts constructed of artificial stone or like material. The 
“releff,” or “resilience and like effect,” coined by Rudolf Hanau many years ago 
is as true today as it was then. The message, then, which we must take from 
the figures given to us as a pattern by Thompson, Niswonger, Boos, Landa, and 
others must be used as a warning against transgression and invasion, and not as 
an invitation. An interocclusal space of 3 to 4 mm. must always be present. To 
place an occlusion into function by transgression into this space is to interfere 
with normal physiologic rest tonus; to upset the detailed and complicated function 
of muscle balance and antagonistic action as previously described; and to intro- 
duce minute multiple trauma, which, because of pathogenic resultants, will cause 
resorption of the alveolar bone, retrusion and mobility of the teeth, temporo- 
mandibular disturbance, or a multiplication of all these effects. Multiple, repe- 
titious, minute trauma is much more destructive and insidious, because of chronic- 
ity, than a heavy, acute, localized type of trauma. The latter usually is accom- 
panied by symptoms requiring immediate treatment, while the former usually 
is asymptomatic for a long period before subjective symptoms are manifest. 

According to an exhaustive study of this subject conducted with the aid 
of a gnathodynamometer along the lines of Boos, a minimum of 5 to 6 mm. must 
be allowed for the complete denture restoration if cusps are used for the posterior 
occlusion. For treatment of all cases having any occlusal rehabilitation using 
natural teeth, there is no average. The judgment of the operator must determine 
each case. To assist his individual determination, consideration must be given 
to (1) health of the temporomandibular structures, (2) the neuromuscular pat- 
tern, (3) the posture of the patient and the posture of the head, and (4) the 
vertical overjut of the anterior teeth. These factors, coupled with the knowledge 
of the sacred area of the 2 to 3 mm., will guide the operator to a successful 
restoration. 


CENTRIC RELATION 


The second facet of this presentation, centric relation, is perhaps one of the 
most commonly described subjects in our dental literature. For some reason, 
even though literally volumes have been written, there is need for more clarifi- 
cation. The greatest emphasis has been related to complete denture prosthesis. 
This area is only a small part of the whole, however. 

There is always some confusion about the terms, centric occlusion and centric 
relation. Actually, we must provide for both for proper function in “centric.” 
The position of centric relation is one with reference to that position of the 
condyle when it has a physiologic relationship of the condyle head in the glenoid 
fossa. “Centric occlusion,” according to Sicher,’ “is the position of the mandible 
when the teeth contact. In this position of centric occlusion the condyle head is 
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against the posterior slope of the fossa and not in the deepest portion of the 
articular fossa.” When these two do not conform, or are out of harmony, a 
patient is in an eccentric relation only. 

A very brief review of the temporomandibular joint will be helpful for a 
clear understanding of the remainder of this article. This complex joint really 
consists of two parts, each of which essentially has a separate and independent 
function. Without one, however, the other would be unable to function according 
to the demands of mandibular movements. The upper part is between the 
meniscus and the glenoid fossa; the lower part is between the condyle and the 
meniscus. The meniscus is fibrocartilage and has a distinctly different function 
than the interarticular disc in other joints. The capsular ligament contains the 
previously described structure, and all are bathed in synovial fluid. 

The lower portion of the joint permits all rotational movements of the 
mandible in vertical, horizontal, or lateral relation to the fossa. The upper 
portion, however, does not enter into any of the rotational or axis movements, 
but, rather, permits the entire movement of the enclosed capsular structures onto 
the eminentia. Without this translational function, the mandible would have 
limited motion, it could not be protruded, and there would be no Bennett move- 
ment. Such limited action often is observed in arthrosis or partial superior 
ankylosis of the mandible. The temporomandibular joint differs from other 
rotational joints by the fact that the axis of movement may be moved at will 
during its function, and that the relation of this so-called universal joint to the 
mandible does not change. That there is hinge rotation and a rotational axis 
has been described by Kurth and Feinstein” and others. Many agree, however, 
that there is some variance in the center of rotation and that it is not fixed. This 
has led to the fairly well-established theory that, in function, the center of rotation 
lies somewhere within the head of the condyle and that it is not fixed at any one 
point in the glenoid fossa. As the condyle moves and rotates, there is bodily 
motion of the mandible. The gliding effect in the fossa is, in part, Bennett move- 
ment. 

The axes of rotation truly can be referred to as points in space. The hinge 
axis would be established as a line connecting the center of rotation somewhere 
within the head of each condyle. This hinge axis, of course, will vary in all 
relations to the fossa from one patient to the other. 

The usual definition supplied for centric relation is “that position of the 
mandible when the condyle is in its most retruded position in the glenoid fossa 
from which lateral motions can be made.” This definition no longer can be 
accepted as sufficient. The newer knowledge of the separate function of the two 
parts of the temporomandibular joint suggests a clarification of this definition. 
Centric relation defined more completely, then, is that position of the mandible when 
the head of the condyle is in the most retruded position it can be carried by un- 
strained muscular force by the patient. This is the only position of the mandible 
from which rotational movement in the lower portion of the temporomandibular 
joint can occur without movement of the meniscus onto the eminentia. In this 
relation the rotational axis is constant to the mandible and the maxilla. In any 
other position, the axis is constant only to the mandible. All movements of the 
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mandible begin and terminate in this relation. Teeth in the function of centric 
occlusion and other vital and related functions, such as deglutition, respiration, 
and others, must accommodate to this neuromuscular equilibrium. 

To know the definition of centric relation is of little consequence unless we 
recognize its great importance when treating a patient. Placing the mandible into 
the position of retrusion and muscular balance by any method, be it single or 
multiple gothic tracing, is of little use unless the rotational axis can be trans- 
ferred to the articulator. The working out of the point of the hinge axis is 
comparatively simple and should be used in order to locate the kinematic center 
of rotation for each patient. When this is completed, and only then, measure- 
ments and records are transferable to the articulator. Unless such transfers are 
made, restorations cannot meet the requirements of function. 

How important is centric relation and what can happen if its normal posi- 
tion is interfered with by faulty diagnosis and treatment? The early part of this 
article established, I believe, the unalterable importance of physiologic rest tonus 
and interocclusal rest space. Linked to this, and as important to the entire 
synergy, is centric relation which we just as scientifically can call “physiologic 
centric relation.” 

This position is the termination—the end or final position taken by the 
normally related anatomic structures of the temporomandibular joint to satisfy the 
physiologic demands of the act of deglutition and swallowing. In many clinically 
restored cases which can be regarded as failures or troublesome the primary 
cause can be traced to improper positioning of the mandible into a relation not 
in harmony with physiologic centric relation. 

Ten or fifteen years ago there was a trend to position the mandible of those 
patients having complete dentures into what was called a functional centric relation. 
Patients treated according to this theory had more than considerable difficulty 
because of discomfort, instability, and the many symptoms which are so familiar. 
Evolving from studies made of the many denture problems of these times was 
the cuspless posterior tooth. It has had phenomenal success, but only because 
(1) it allows freedom for the translational function of the upper part of the 
temporomandibular joint, (2) it allows freedom for function without restriction 
for the hinge axis and rotation of the lower part of the temporomandibular joint, 
and (3) the head of the condyle is free to return to its physiologic centric relation 
without traumatogenic cusp incline not in harmony with this functional termi- 
nation. 

It is suspected that this so-called functional centric relation has been and 
is being confused with that position of the mandible when it is in the habitual 
position of rest centric or physiologic rest tonus. Roentgenographic studies 
establish quite conclusively that the mandible, when not in function, assumes a 
position forward of the one taken in physiologic centric relation. However, when 
the function of chewing is completed and the bolus is ready for passage into the 
pharynx, the teeth contact and physiologic centric relation must be present be- 
cause of the demands for the proper functional position of ail the related struc- 
tures. There is sufficient evidence to demonstrate that the mandible returns to 
this position of physiologic centric relation. It also was demonstrated by Boos 
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and others that when the greatest power was available to the muscles of mastica- 
tion, as evidenced when crushing a bolus, the mandible reached centric relation. 
The mandible, then, does and must return to this centric relation. Any attempt 
to place it into another position will not be tolerated and must be traumatogenic. 
Cuspal relations in a position not in harmony will cause multiple trauma—minute 
during the ordinary act of swallowing and heavy during mastication and degluti- 
tion. The multiple minute stresses against inharmonious inclines are the most 
destructive, because they are repeated many dozens of times as the patient enters 
the zone of centric relation when each act of swallowing is completed. 

In complete prosthesis, the effects and destruction resulting from incorrect 
centric relation are observed rather soon and are evidenced by early discomfort 
followed by alveolar destruction. This trauma does not cause a loss of vertical 
relation because, as previously discussed, this occurs only when the rest tonus 
position or the interocclusal rest space is invaded. Other factors being correct, 
destruction of supporting structures resulting from failure to obtain and transfer 
physiologic centric relation will be horizontal. 

In other areas of restorative dental treatment the pattern of destruction is 
of a more serious nature. The resultants of premature contact of inclined cuspal 
planes are transferred to the supporting structures of each tooth. When a single 
tooth receives a differing directional force, there may or may not be painful 
response. In most cases, destruction occurs without subjective symptoms until 
gross mobility results, which will be in direct relation to the degree of dis- 
harmony between cusp relation and physiologic centric relation. Regardless of the 
degree, nature will predominate at the expense of the alveolar and supporting 
structures. 

More and serious analysis must be given to physiologic centric relation once 
it has been determined. If this one relation is used as the sole basis for mandibular 
position, a destructive process also will occur. It must be remembered that mandib- 
ular movements begin with the condyle in its normal retrusion, and they end in 
the same position. Because of this, there is a functional range which must be 
provided for if natural, uninhibited function is to be restored. If cuspal inclines 
were established which were restricted only to centric relation, function without 
restriction would be provided only for the hinge axis, or the lower portion of the 
temporomandibular joint. This essentially would be providing a mandibular hinge 
relation, as is observed in the dog. Provision also must be made for uninhibited 
function of the upper portion of the temporomandibular joint which will allow 
movement within its normal range. Otherwise, to bring the teeth into any eccentric 
position from centric relation would cause traumatic effects identical to those of 
any other inharmonious relation. To avoid such interference, eccentric freedom 
which will allow Bennett movement and related function is necessary. 

The techniques for making and transferring axis rotational center, physio- 
logic centric relation, and eccentric relation records are not within the scope of 
this article. They are not mysterious; nor are they overly complicated. 

However, to restore, replace, or rehabilitate an occlusion without the utmost 
respect and regard for the anatomic and physiologic dictates described and re- 
viewed is inviting failure and further complications for patients placing their 
trust in our care. 
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CONCLUSIONS 


1. Physiologic rest position (rest tonus) of the mandible is part of a 
syndrome which is necessary for function of parts other than the mandible. Large 
postcervical muscles are balanced by smaller groups which are directly or in- 
directly attached to the mandible. Posture, deglutition, respiratory function, and 
special senses are dependent upon the equilibrium and neuromuscular coordination 


of each integrated part. 
2. Physiologic rest tonus is an unalterable position of the mandible in relation 
to the temporomandibular joint. This relation is established by an individual pat- 


tern of growth and development. 
3. Interocclusal rest space is truly an anatomic entity and must not be altered 


beyond its maximal limits. If it is, the integument will always return the mandible 
to its physiologic rest tonus. 

4. An average of 2 to 3 mm. or 4/32 inch cannot be used as a formula for 
restoration. Statistical averages are not applicable to this phase of restorative 
dentistry. The averages given are the minimum beyond which one must not 
transgress. Restoration provision should be greater than these averages, and is 
dictated by each individual case. 

5. Physiologic rest centric is directly related functionally to physiologic rest 
tonus and interocclusal rest space (free-way space) ; one cannot function normally 


without the other. 
6. All cases requiring occlusal restoration should be treated with scientific 


consideration for the transfer of anatomic and physiologic relations. Only by this 
procedure can a functional pattern be maintained in the restorations. 
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INVESTIGATION OF AN ARCON ARTICULATOR 


Hernz O. Becx, D.D.S., M.S.,* anp W. Eart Morrison, B.S., M.S.** 


University of Texas, Dental Branch, Houston, Texas 


HE RECENT INTRODUCTION of an articulator of “arcon” design for 

prosthetic restorations by Bergstrom’ appeared worthy of an investigation. 

This investigation seemed especially appropriate since the instrument is of simple 

design and usable by the general practitioner. The articulator offers a similarity 

to the Hanau type of instrument and is adaptable to the same method of regis- 
tration of positional relations. 

The word arcon appears to have been coined by Bergstroém, who derived 
it from the words articulator and condyle. The term “arcon” will be employed 
in connection with this instrument,’ whose principal mechanical feature is the 
attachment of the equivalent condylar guides to the upper member of the articu- 
lator (Fig. 1). The term condylar will be applied to the instruments whose 
equivalent condylar guides are attached to the lower member of the instrument. 

In order to reproduce a given movement of the mandible on a mechanical 
device, the path of a planef within or attached to the mandible needs to be known. 
Theoretically, it would be more desirable to select three discernible points whose 
paths are confined to three mutually perpendicular planes; however, complica- 
tions involved in the registration and adaptation to an instrument make this 
method impractical. The possibility of incorporating multiple errors also exists 
with articulators of complex designs due to the increased number of measure- 
ments and adjustments on such instruments. The total error then may exceed 
the error introduced by assigning fixed values to some parameters. 

In this articulator, the designer selected a method of interocclusal regis- 
tration (checkbite) with the idea in mind of not selecting the ultimate, but of 
using a method which presumably may give satisfactory results for most patients 
by the greatest number of practitioners. By also fixing certain parameters, an 
articulator with the mechanism of the arcon design offers several advantages 
over the condylar instruments. 

Enumerated below are several features of the arcon articulator which re- 
semble those of the condylar type. 

1. The shaft axis of each instrument represents a line passing through or 
near the condyles. 
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2. The joint distance and orientation of casts are those of Bonwill’s equi- 
lateral triangle (except in those articulators where the condylar joint distance 
is adjustable). 

3. The symphysial angle is about 135 degrees. 

4. The incisal guide table is in the same relative position, and adjustable 
in an anteroposterior inclination. 

The features incorporated in the Bergstrom arcon articulator which vary from 
most condylar types are: 

1. A face-bow registration which employs the Frankfort horizontal is used. 

2. The axis equivalent guide, which is adjustable from O to 90 degrees, is 
fixed to the upper member of the arcon instrument and has a convex curvature 
of .022 mm. 


3. The Bennett angle is fixed at 15 degrees. 





Fig. 1.—The Bergstr6m arcon articulator. 


This article will discuss only these variations and the practical implications 
resulting because of these mechanical differences in the instruments. 


Certain mechanical refinements are incorporated in the arcon instrument: 
(1) In the manufacture of the instrument both members of each articulator are 
adjusted on a common jig.” This will permit the interchanging of mounted casts 
from one instrument to another. (2) In order to minimize distortion of the in- 
terocclusal record, the upper member of the instrument is freed by the release of 
a lock during the setting of the arcon indication. (3) Centric position of the ar- 
ticulator can be conveniently altered in a retrusive direction for occlusal analysis. 
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FACE-BOW REGISTRATION 


This registration makes use of the Frankfort horizontal which is an orien- 
tation to the external auditory meatus and the left orbitale on the patient. The face- 
bow is self-aligning by spring action and has spherical inserts for the external 
auditory meatus. After the bite fork has been securely attached to the upper 
occlusion rim and the face-bow, the orbital pointer is adjusted to the most in- 
ferior border of the left orbit. The registration is now complete and ready for 
transfer to the articulator. 

Provision is made on the instrument for receiving the spherical meatus in- 
serts 10 mm. behind and 1 mm. below the axis equivalent shaft. The face-bow is 
adjusted in a sagittal plane until the orbital pointer aligns itself with the lower 
edge of the upper mounting ring or its imaginary extension. Supports for the 


face-bow are used to stabilize the entire assembly during the mounting procedure 
(Fig. 2). 





Fig. 2.—Bergstr6m face-bow and registration adjusted on the articulator for the mounting 
procedure. 


Several salient features of this face-bow and its method of registration may 
be enumerated: (1) Cephalometric points are used for orientation. (2) The 
face-bow is rigidly constructed and does not flex or bend easily. (3) The face- 
bow is self-aligning. (4) The error which may result from torque when lock- 
ing the bite fork is minimized. (5) The registration procedure is quickly and 
easily executed. 

However, some possibilities of errors with this method can be pointed out: 
(1) The orbitale may not be located exactly. (2) The position of the external 
auditory meatus in relation to the condyles may vary greatly between individuals 
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and even in the same person. (3) The face-bow’s very self-aligning feature in- 
corporates a deviation in its adjustment to the instrument due to the variations 
in widths of skulls in relation to the fixed width of the articulator (Fig. 3). If 
the width of the skull differs from that of the instrument, the axis imitated by 
the articulator shaft is shifted from its specified location of 10 mm. anteriorly 
and 1 mm. superiorly. The maximum deviation, however, is 0.25 mm.,’ which is 
insignificant, and is of no practical value. 


These errors, (1), (2), and (3), are apparent only since the selecting of 
the axis is arbitrary. 
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Fig. 3.—The error in the Bergstrém face-bow (from Bergstrom). 


4. The face-bow with its attached registration cannot be placed on a flat 
surface without endangering movements of its component parts of registration ; 
consequently, it may be helpful to construct a mounting frame on which the 
completed registration can be attached and kept intact until ready for its adapta- 
tion to the instrument. 


OCCLUSAL PLANE AND AXIS EQUIVALENT GUIDE RELATIONSHIPS 


As was mentioned previously, the axis guide is fixed to the upper bow of 
the arcon articulator. This means that the occlusal plane will maintain its re- 
lationship to the adjusted arcon indication in any position of the upper bow of 
the instrument. 


This relationship, however, does not exist in the condylar articulator. Since 
the condylar guides are fixed to the lower member of the instrument, the rela- 
tionship of the occlusal plane to the condylar indications will change when the 
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upper arm of the articulator is moved out of the interocclusal record position. The 
only instance when the plane is not changed in respect to the condylar indica- 
tion would be when both left and right condylar guides are parallel with the in- 
cisal guide indication. Although the terminal positional relationships in both 
instruments would coincide, the relationship between the occlusal plane and the 
arcon indications would remain fixed at all intermediary positions, whereas this 
relationship would change constantly at all intermediary positions in the condylar 
articulator. 

To illustrate, let us assume a protrusive movement of the mandible and, to 
simplify our analysis, let us assume that it is plane motion. Motion of a rigid 
body in which all particles move in parallel planes is said to be plane motion. All 
particles of the body lying on the same straight line perpendicular to the plane 
of motion have the same values of displacement, velocity, and acceleration. 
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Fig. 4.—Plane motion of line AB. 


A, Actual paths of points A and B. 

B, Rotation about and translation of point A. 
C, Rotation about and translation of point B. 
D, Pseudo-center or rotation about point O. 


Assume the mandible to be executing the motion of two points A and B 
and to have the displacements Sa and Sb, respectively, as illustrated in Fig. 4,A. 

In order to determine a relationship between the movements of points A and B, 
let us assume that in Fig. 4,B the mandible is rotated through an angle 6 about 
an axis passing through A until line AB is parallel to A’B’. The mandible may 
now be given the translation defined by the motion of A to cause the body to 
coincide with its final position. The path of B no longer coincides with the given 
path BB’. 
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In a finite time interval, the actual movement of point B only approximately 
equals a rotation about 4 plus a translation about A, since it is assumed that trans- 
lation and rotation of the mandible take place independently, whereas they ac- 
tually occur simultaneously. For the purpose of analysis, however, there is the 
concept that plane motion is equivalent to a rigid body rotation about any point 
in addition to the rigid body translation of that point. Furthermore, no error will 
occur when the time interval between any two successive positions approaches zero 
as a limit. This cannot be emphasized too strongly. Regardless of the reference 
point chosen about which the rigid body is to rotate, precisely the same value 
and direction of 6 would be obtained. This is self-evident, for if a rigid body 
rotates about one point, it will rotate about an infinite number of points. 


If, for example, the mandible in Fig. 4,4 is assumed to be rotating around 
B instead of A, as shown in Fig. 4,C, its motion would be equivalent to the ro- 
tation about B plus the translation of B. To give the body the translational motion 
of B, line AB would have to rotate about B to a position BA” parallel to the final 
position of B’A’. Then the body can be translated along the path BB’. Obviously 
the angle 6 defined by ABA” is counterclockwise about B and equal to angle BAB” 
in Fig. 4,8, which is also counterclockwise about A. 


It is intuitively evident that a point exists which will experience no transla- 
tion when the body is rotated about the point from the initial to the terminal position. 
This point which is often called the pseudo-center can be formed as follows: In 
Fig. 4,D, connect B and B’ with a straight line and A and A’ with a straight line 
and erect perpendicular bisectors to each line. The intersection of these two 
bisectors at point O locates the pseudo-center. Note that the angles 6 are equal 
to angles 6 in 4,B and 4,C. This is not to be confused with the instantaneous 
center of rotation which could be found by a similar process when the time interval 
between AA’ and BB’ approaches O as a limit. The failure to recognize this 
pseudo-center has directly contributed to the erroneous conclusions drawn by some 
investigators. 

We have discussed only three of the infinite number of possible reference 
points, but they should be sufficient to point out the fact that the initial and terminal 
positions of a rigid body do not determine the path between these positions. 


PROTRUSIVE MOVEMENT 


In Fig. 5, point A represents a point in the condyle or its equivalent, while 
point B represents the central bearing point, both projected into the plane of 
motion. During a protrusive movement points A and B follow the lines of the 
projected eminentia and the central bearing plate, respectively. Unless these lines 
are parallel, all other points will follow curvilinear paths in the plane. The path 
of a given point depends upon its location, the location and direction of the guiding 
lines (eminentia and central bearing plate), and the magnitude of the mandibular 
movement. 
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It is obvious that if a reference plane is chosen whose position is fixed with 
respect to the eminentia, then no amount of mandibular motion will alter this rela- 
tionship. On the other hand, if a reference plane is fixed to the mandible in its 
relationship to the eminentia, this relationship will be altered with any and all move- 
ments of the mandible. The only instance when no change will occur would be 
when the movements of all points in the mandible are all parallel to the condyle 
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Fig. 5—An exaggerated diagram to show the difference in axis path indications by a 
protrusive registration. Angle ¢ is the angle registered with the Frankfort horizontal AC on 
an arcon articulator. Angle @ is registered on a condylar articulator. §=¢+a (a is the rotation). 


The settings of the condylar indications with a given axis on a condylar articu- 
lator will vary with the magnitude and direction of protrusion, degree of open- 
ing, the locations of the incisal guide in terms of the centra! bearing point, teeth, 
or incisal pin, and the inclination of the incisal guide. Furthermore, if during a 
protrusive movement one condyle moves a greater distance anteriorly than the 
other (deviating from plane motion) a difference in condylar indications may re- 
sult in the condylar type articulators. By attaching the condylar guides on the 
upper member of the instrument as is done in the arcon design, one eliminates 
all these sources of error, assuming that articulator joint distance is equal to the 
distance between the condyles. 


Slot indication is defined as the angle formed by the path of the shaft axis 
with the plane of the upper mounting ring both projected into the sagittal plane. 
If the plane containing the slot indication is not parallel to the sagittal plane, the 
value of this indication when projected into the sagittal plane differs from its 
actual value. For this reason instruments with adjustable post indications re- 
quire these indications to be set at a predetermined approximate value before 


the condylar slot adjustments are made. 
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There is no need for a negative arcon indication in the arcon articulator. 
In Fig. 5, line 4A,A, represents the path of a given axis; AC represents the Frank- 
fort horizontal, and BB, represents the incisal guide path during a protrusion. 
When using an arcon articulator, angle A:AC or ¢ is registered and is conse- 
quently independent of the movement of the mandible. With a condylar articu- 
lator, angle A:A.D or 6 is registered because the reference line 4,D is fixed to 
the lower member of a condylar articulator. Hence this angle @ equals the sum 
of angles ¢, the axis path inclination, and a the mandibular rotation. 
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Fig. 6—How a negative condylar indication 6’ may be registered on a condylar articulator. 
BB’, is the inclination of the central bearing plate. Rotation a’ is in an opposite direction and 
greater than @. 


As ¢ is decreased, the error introduced by a given a becomes increasingly 
more important. In Fig. 6, when a is greater than ¢ and opposite in direction, 
which would occur when the inclination of the central bearing plate is greater than 
the axis path inclination, a negative angle will be registered on a condylar articu- 
lator. If there is no opening of the occlusovertical dimension, and if the inclina- 
tion of the central bearing plate, or incisal guide, is equal to the axis path in- 
clination, 6 would equal ¢. However, these conditions are seldom met in prac- 
tice. 

There are a number of approaches for solving a depending on the geometric 
arrangement of the guided points. Fig. 7 represents an average arrangement 
during a 6 mm. protrusive BB’ using a central bearing plate and point. 


AB =67 mm. (distance between the condyle and the central bearing point) 
¢@ = 35 degrees (inclination of eminentia with respect to the horizontal plane) 
P = 5 degrees (inclination of central bearing plate with respect to the horizon- 
tal plane) 
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With these given values the remaining values of the triangle can be found. 
By the law of sines: 





D+ P D 
sin o sin x 
68 
sin x =>— sin 34 
74 
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a= 3° 


Where: 
o is the angle between AB and AA’ 
x is the angle between A’B’ and AA’ 
a is the angle between AB and A’B’ 
P is the amount of protrusion of the central bearing point 


D is the distance between B’ and the intersection of BRB’ 
and AJA’ 


From the formula it can be seen that a is influenced by: (1) the amount of 
protrusion; (2) the inclination of the incisal guide; (3) the distance between 
the axis and the incisal guide; (4) the inclination of the axis path. 








Fig. 7.—One geometric arrangement for calculating a (see text). 


Any opening at the incisal guide would have a direct rotational influence on 
the mandible and would produce a variation in a. 


The situation is this: in the arcon articulator, as in the skull, an axis and 
a point in the mandibular component may be said to be guided through space by 
three surfaces. In a condylar articulator two surfaces, usually planes, and a point 
in the mandibular component are guided through space by two points and a sur- 
face. Hence the path of a given point in the mandible coincides with its cor- 
responding path on the condylar articulator only at its end points. 


So far only the simplest case, plane motion, has been considered, and it has 
been shown that the arcon design is more suitable for reproducing the desired 
movement of the mandible. If the inclination of one condyle path differs from 
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the other side in the same individual, then the mandible does not execute plane 
motion during a protrusive movement, because all points do not move in parallel 
planes. This common occurrence would then exhibit an even greater error in the 


condylar articulator. 


Since the mandible seldom executes plane motion, the actual motion of the 
mandible cannot be sufficiently described by means of the Fischer angle, the Ben- 
nett angle, the symphysial angle, the incisal angle, and the condyle path inclina- 
tion because the values of these are interrelated. In order to locate a rigid body 
in space six independent coordinates are required. One method to locate the 
mandible is to measure the rotation about a set of orthogonal axes in the moving 
body, and to locate the origin of this set by means of a similar set of axes fixed 
in space. This system will now be used. 
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Fig. 8.—The arcon indication is independent of the mandibular rotations if the arcon and 
condyle axes are congruent. 


In Fig. 8 let the origin O of the moving set of coordinates be in or near 
the left condyle and let one axis S be a line joining a point on each side of the 
head 10 mm. anteriorly and 1 mm. superiorly to the external auditory meatus. 
This axis is duplicated in the arcon articulator by the shaft axis. The horizontal 
axis H is the intersection of the Frankfort horizontal and a sagittal plane through 
the origin. The vertical axis V is mutually perpendicular to the other two axes. 


During a protrusive movement in ‘plane motion, rotation occurs only about 
the shaft axis S. Fig. 9 represents the simplest general case, that is, the condyle 
paths OO. and AA, are of equal inclination. Hence the condylar equivalent 
path inclinations BB, or CC, are not influenced by the distance between joints during 
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a protrusive movement since the paths are corresponding parts of similar tri- 
angles. If, however, one condyle path inclination differs from the value of the 
other, rotations may occur about the horizontal axis H as well as the shaft axis S. 
The magnitude of the rotation around the horizontal axis H, with a given pro- 
trusion, depends upon the difference in path inclinations and the distance be- 
tween the joints. Thus an error does exist in both types of instruments when the 
joint distances of the skull and the articulator are not equal. Also, if the plane 
of the condylar guide is not parallel to the plane of motion, as is the case in some 
condylar articulators, the distance between the joints will vary with the magnitude 
of the protrusive movement. In this arcon articulator this particular problem 
is not present. 
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Fig. 9.—A protrusive movement showing that the arcon distance need not be congruent with 
the condyle distance when the condyle paths are equal in inclination. 


It may be assumed for the moment that point O remains in the H-V plane, 
that is, it does not make a lateral shift during the protrusive movement but only 
moves forward and downward. Since during a protrusive, points A and O do 
not remain in the H-S plane as does the incisal point (in this case) the mandible 
will rotate about the S axis. If the inclinations of the paths of O and A are not 
equal, or if O and A do not move the same distance forward, the mandible may 
also rotate about the H and V axes. The protrusive interocclusal record, there- 
fore, provides the location of the point O, and the rotations about H, V, and S. 


The condylar equivalent indication in articulators is determined by connecting 
with a known curve, usually straight, the positions assumed by a given point at 
centric and at protrusive relations. The magnitude of these displacements with 
given rotations is influenced by the distance between points A and O, or the joint 
distance. Conversely, the joint distance influences the rotation about the H and V 
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axes when a movement other than that corresponding to the protrusive interocclusal 
record is made in the articulator. A lateral movement will be used to illustrate 
this point. 


LATERAL MOVEMENT 


During a lateral movement, as shown in Fig. 10, point B (the greater joint 
distance) now follows the path B”B, and point C (the smaller joint distance) 
follows the path C’C:. Each of these paths differs from the path set up on the 
articulator during a protrusive movement. Therefore, no point on the shaft axis fol- 
lows the path of its corresponding point in the skull when the articulator and condyle 
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Fig. 10.—The difference in the path inclinations of a point in protrusive and lateral movements 
is influenced by the joint distance. 


joints are not congruent. During a lateral movement, rotation may occur about all 
three axes. The rotation about the horizontal axis depends upon the condylar indica- 
tion of the balancing equivalent, the magnitude of the movement, the distance be- 
tween the joints, and the movement of the origin. Therefore, the rotation about the 
H axis, with a given joint distance and magnitude of movement during a lateral 
movement, will differ from the rotation which occurs with a_ protrusive 
movement. This is due to the fact that the difference between the condylar indica- 
tions is not the same during the two movements. This condition is present even 
though both indications may have the same values since the effective indication of 
the working side is O. Furthermore, this applies to both the arcon and the condylar 
articulators. The Fischer angle can be accounted for in part, if not in whole, by this 
fact, since the distance from the working condyle to the condyle path recording 
device is not equal to the distance from the guided point on the working condyle 
to the guided point on the balancing condyle. This can easily be demonstrated by 
placing a pencil on the shaft of an articulator and noting the tracing against a 
vertical cardboard during both a lateral and a protrusive guidance. 
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As was the case during protrusive movement, the rotation around the shaft 
axis depends upon the distance between the axis and the incisal guide, the difference 
in inclination of the incisal guide and the condylar path indication not containing the 
origin, and the magnitude of the movement. This variable angle is given a value 
fixed by the protrusive record and used for all movements in most condylar articu- 
lators. The errors involved have been discussed, and it has been shown that the 
angle a, the rotation about the shaft axis, is not used in the arcon design. 


BENNETT MOVEMENT 


The analysis is incomplete until the path of the origin is considered. The 
values of the various angles which have been discussed are independent of the 
location of the origin. However, the paths of points are of primary interest. There- 
fore, the path of the origin as well as the values of the angles in the articulator 
should coincide with their corresponding values in the skull. The usual condylar 
articulator allows the origin to slide along an extension of the centric position of the 
shaft axis during a lateral movement. The equivalent arcon articulator allows the 


origin to slide along an extension of the instantaneous position of the shaft axis . 


during a lateral movement. This corresponds to what is commonly called the 
Bennett movement. The equivalent Bennett angle is the angle formed by the 
sagittal plane and the path of the balancing condyle. The Bennett movement or 
angle, as such, however, gives little information since we must know the direction 
as well as the magnitude of the displacement. 


CONCLUSIONS 


1. The method of face-bow transfer employing the Frankfort horizontal frees 
the operator from any predetermined position for the orientation of the casts by 
horizontal planes. 

2. By fixing the condylar guide to the upper member of the arcon articulator, 
and the shaft axis to the lower member, a constant relationship exists between the 
occlusal plane and the arcon guides of the instrument at any position of the upper 
member, making the reproduction of mandibular movement more accurate. 

3. This occlusal plane and arcon guide relationship has been proved of definite 
value in setting the arcon paths of the instrument by a protrusive interocclusal 
record since fewer factors influence the setting of the guide paths. 

4. In the condylar articulator, the setting of the condylar indications by a 
protrusive interocclusal record is influenced by the magnitude of the protrusive 
movement, the path and deviation from plane motion of the incisal guide point, the 
inclination of the incisal guide, the position of the incisal guide, the amount of 
opening or closing of the occlusal relationship, the inclination of the interocclusal 
record, the relationship of the plane of the condylar slot with the sagittal plane, 
and the position of the interocclusal record. 

5. In lateral movement there is an error in both the arcon and condylar 
articulators when the joint distance of the skull does not equal the joint distance of 
the instrument used, 
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SUMMARY 


Formal proof has been given only for the less obvious statements. The problems 
encountered in the selection of the axis have been omitted entirely since they are 
common to all types of single axis articulators. It is also in no way to be inferred 
that the problems in reproduction of mandibular movements have been entirely 
solved by this arcon articulator. The quantitative movements in each and all 
variable directional components of the mandible are not reproducible in the 
sSergstrom instrument. The articulator has been given several fixed values with 
the arcon design as its principal modification from the condylar devices. This 
feature, however, has been proved to be of definite value and perhaps one more 
step in the constant improvements in articulators of single-shaft axis design. 


REFERENCES 


1. Bergstrém, Gunnar: On the Reproduction of Dental Articulation by Means of Articulators, 
A Kinematic Investigation, Acta Odont. Scandinavica, 9: Supp. 4, 1950. 
2. Personal communications with the designer (Bergstrom, Gunnar). 


SELECTED BIBLIOGRAPHY 


1. McCollum, B. B., and Stuart, Charles E.: A Research Report, South Pasadena, Calitf., 
1955, Scientific Press. 

2. McCollum, B. B.: Masticatory Function, D. Items Interest 67:747-759, 1945. 

3. Hall, Rupert E.: An Analysis of the Work and Ideas of Investigators and Authors of 
Relations and Movements of the Mandible, J.A.D.A. 16:1642-1693, 1929. 

4. Hall, Rupert E.: An Analysis of the Development of the Articulator, J.A.D.A. 17:3-51, 
1930. 

5. Gysi, Alfred: An Analysis of the Development of the Articulator, J.A.D.A. 17:1401-1424, 
1930. 

6. Brown, A. H.: Movements of the Mandible Not Provided for in Present-Day Articulators, 
J.A.D.A. 17:982-991, 1930. 

7. Hight, F. M., Stansbery, C. J., and Sears, Victor H.: Report by the National Society 
of Denture Prosthetists, J.A.D.A. 17:1122-1124, 1930. 

8. Phillips, George P.: Graphic Reproduction of Mandibular Movements in Full Denture 
Construction, J.A.D.A. 17:1489-1504, 1930. 

9. Kurth, L. E.: Mandibular Movements in Mastication, J.A.D.A. 29:1769-1790, 1942. 

10. Kurth, L. E.: Physics of Mandibular Movement Related to Full Denture Construction, 
J. Pros. Den. 4:611-620, 1954. 

11. Boucher, Carl O.: Occlusion in Prosthodontics, J. Pros. DEN. 3:633-656, 1953. 

12. Boucher, Carl O.: Method of Recording Functional Movements of Full Denture Bases in 
Three Dimensions, J. D. Res. 14:39-47, 1934. 


13. Clapp, George Wood: Accurate Tracings of Mandibular Movements, J. Pros. Den. 4:179- 
82, 1954. 
14. Hanau, Rudolph L.: Full Denture Prosthesis, ed. 4, Buffalo, 1930, Thorner-Sidney Press. 
15. Stephenson, Reginald J.: Mechanics and Properties of Matter, New York City, 1952, 


John Wiley & Sons, Inc. 


P. O. Box 8277 


Houston 4, TExas 

















EFFECT OF PARTIAL DENTURE DESIGN ON BILATERAL 
FORCE DISTRIBUTION 


AntTinony K. Katres, COMMANDER (DC) USN 


U. S. Naval Training Center, San Diego, Calif. 


HERE IS A WIDE DIVERGENCE of opinion among dental authorities as 

to what constitutes a correct partial denture design. Literature is replete with 
articles by adherents of various schools of thought on the subject. Their basic 
objectives are the same—to preserve, restore, and maintain the remaining teeth 
and related oral structures well within the limits of physiologic tolerance. There 
are those that believe that these objectives can be attained by means of extensive _ 
stress distribution utilizing as many teeth as may be indicated with direct and 
indirect retainers."* Another group contends that the desired purpose can be 
achieved by the use of stress breakers or resilient stress equalizers.“* Finally, 
there are those that sponsor the contention that physiologic basing by means of 
functional impressions is the answer.*” The principles of each school of thought 
have decided advantages and disadvantages. The followers of each have their 
successes and their failures, depending upon the design and clinical application of 
fundamental biomechanical principles. However, substantiations of their respec- 
tive claims for success are primarily based upon conjecture and clinical experience. 


Dental authorities are in agreement that an intelligent diagnosis and treat- 
ment plan necessitates a careful clinical and roentgenographic examination, in- 
cluding diagnostic study casts mounted on an adjustable articulator. By this means, 
pertinent data can be obtained and evaluated, and a coordinated plan of prostho- 
dontic treatment instituted. Partial denture design commensurate with the findings 
becomes paramount. However, partial denture design is the point of deviation for 
the major schools of thought. Perhaps this deviation can be reconciled by providing 
experimental analyses that can evaluate the unsubstantiated claims and counter- 
claims. 


The influence of partial denture design on distribution of force as it is related 
to the movement of abutment teeth has been studied.” That study is in a large 
measure the motivation for this effort. The objective in this undertaking is to 
study the effect of partial denture design on force distribution as it is related to, 
not only the movement of the abutment teeth, but also, the vertical and horizontal 
stresses imposed upon their related structures. 


The opinions or assertions contained herein are those of the author and are not to be 
construed as official or as reflecting the view of the Navy Department or the Naval Service 
at large. 

Received for publication July 11, 1955, revised by the author Oct. 25, 1955. 
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MODEL AND TEST PARTIAL DENTURE 


A mandibular model and test partial denture were fabricated to determine the 
effect of various denture designs on the distribution of stress. The model used in 
this study was made to simulate natural conditions as nearly as possible, by cover- 
ing the ridges and gum areas with a resilient plastic, and by mounting the teeth 
in a resilient material which permits their individual movement. 

The model was duplicated in stone to form the master cast. The master cast 
was surveyed and designed for a partial denture incorporating the. extensive stress 
distribution principle. The design included the use of a ring type clasp with a 
buccal reinforcing arm on the left molar, a circumferential type clasp on the left 
second bicuspid, a bar type clasp (T) on the right second bicuspid, a lingual plate 
connecting wide denture bases, and mesio-occlusal rests as indirect retainers on 
both first bicuspids (Fig. 1). 





see eM AE COR EN I aaa i 


Fig. 1—The model and test partial denture. The magnification of the movement of the 
abutment teeth is accomplished by means of the three steel rods. 


The master cast was blocked out in accordance with this design, and duplicated 
in a refractory casting investment. The duplicated refractory cast was rosin- 
dipped, dried, and waxed as designed. Additions in the form of right and left 
wax lingual projections, and an elevation at the distal border of the free-end base 
were added as measuring sites. Acrylic resin teeth (Dental Pearl 28M) were 
positioned in the wax framework. The wax framework was cast in partial denture 
gold, after which it was polished and heat-treated. 

Three steel rods, 9 inches in length, were cemented into the abutment teeth 
parallel to each other. These rods were used to magnify the movements of the 
teeth. Circular disks, 14 inch in diameter, were attached to the top ends of the 
rods. Cross hair lines were scribed on the disks for reference points. 


TESTING EQUIPMENT 
The constants established on the testing equipment included those of the 
articulator, the amount of force to be imparted to the partial denture, the distribu- 
tion of the imparted force, and a standardized measuring procedure (Fig. 2). 
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The model with the cast gold partial denture was mounted on a Hanau Model 
H articulator. The articulator was arbitrarily adjusted for right and left condylar 
guidances of plus thirty, an incisal guidance of zero, and the lateral condylar in- 
clinations set in accordance with the Hanau formula. 




















Fig. 2.—The testing equipment. 


The amount of force to be imparted to the partial denture was attained by 
means of a lever of the third class and weights. Recesses for the power point 
were made on the screw of the maxillary mounting ring for centric, protrusive, 
right, and left lateral positions. The equipment was arranged so a weight suspended 
at the termination of the free arm of the lever would double itself at the power 
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Fig. 3.—The accentuated movement of abutment teeth is projected by means of a modified 
Beseler opaque projector. The movement under suspended loads of 5, 10, and 15 pounds in 
centric, protrusive, right, and left lateral positions was plotted on graph paper. 
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point. The weights used were 5, 10, and 15 pounds, and these imparted 10, 20, and 
30 pounds, respectively, at the power point. 

The applied forces were distributed to the partial denture by means of a 
bilateral maxillary jig. The jig consisted of a metallic base, comparable to a 
mounting ring in its positioning, with three square rods held in place by Allen 
set screws. The lower end of each rod was embedded in an acrylic resin tooth 
that had been previously occluded with its opposing member on the partial denture. 
The teeth were equilibrated for occlusal harmony in centric and eccentric excursions 
by grinding, and the rods made secure in their respective positions by tightening 
the Allen set screws. 

The measuring procedures were standardized. Three dial indicators were 
used to measure the effect of vertical and horizontal components of stress distri- 
bution upon the simulated resilient tissues. A dial indicator (.001 inch) was ad- 
justed, and made secure at the distal elevation of the free-end denture base. Com- 
ponent stresses measured at this point would be primarily vertical. Two dial in- 
dicators (.0001 inch) were positioned, adjusted, and made secure, with the heads 
resting upon the right and left lingual projections protruding from the partial 
denture. These dial indicators were adjusted to render positive or negative meas- 
urements as required. Component stresses measured at these points would be 
primarily horizontal. 


The movements of the abutment teeth were recorded on graph paper. The 
previously described steel rods magnified the movement of the abutment teeth. 
Further magnification was obtained by projecting the cross hair lines on to a 
screen by means of a modified Beseler opaque projector (Fig. 3). The projector 
was modified by the removal of the projection table with its accompanying spring 
attachments. An individual sheet of graph paper was employed for each abut- 
ment tooth. Each graph paper was divided into quadrants for centric, protrusive, 
right lateral, and left lateral positions. A convenient zero point was selected in 
each mid-quadrant. Vertical and horizontal orientation lines were scribed on the 
screen in order to maintain the proper relationships for positioning subsequent 
graph papers. 


VARIABLES 


Potential sources of error were evaluated, and remedial measures were taken 
to minimize their effect. The resilient plastic used in the fabrication of the model 
had the undesirable characteristic of the quality of hysteresis. To compensate for 
this property, sufficient time was permitted to elapse to allow the plastic to return 
to its original state before further measurements would be made. A metallic frame 
was constructed to protect the model and testing equipment from the heat gen- 
erated by the projection lamp. 


The controlled variables were the modifications made in the partial denture 
design. All other factors being relatively constant, any modification to the partial 
denture would reflect itself in the movement of the abutment teeth, or in the 
recordings derived from the three dial indicators, or a combination of both. The 
series of partial denture designs studied were as follows: 
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1.* The test denture as it was designed originally (see Fig. 1). 

2. The reinforced buccal arm was removed from the ring clasp. 

3. The ring clasp was removed. 

4.* The lingual plate was altered to become a continuous bar retainer. 
5. The continuous bar retainer was removed. 

6. The indirect retainers were removed. 

7.* The rigid lingual bar was reduced so it would be a flexible bar. 
8. The left denture base was reduced. 

9.* The right denture base was reduced. 


TESTING PROCEDURE 


The bilateral maxillary jig was placed in position, the incisal pin was raised, 
the zero points on the graph papers for the quadrants concerned were superimposed 
on the projected points of the intersections of the cross hair lines on the discs at 
the ends of the vertical rods, and the graph papers were made secure with mask- 
ing tape. Movements of the three abutment teeth from their respective zero points 
were plotted on three graph sheets simultaneously, under conditions in which 10, 
20, and 30 pound loads were applied at the power point. For measurements in 
the centric position, the condylar elements were held against the stops and locked. 
For measurements in the protrusive position, the condylar elements were locked 
to prevent any further posterior displacement after the power point had been 
placed in its provided recess. For measurements in the right lateral position, the 
power point was placed in its provided recess, and the right condylar element 
locked against its stop; the left condylar element had risen along its condylar 
guidance, and this position was locked to prevent any further posterior displace- 
ment. For measurements in the left lateral position, the power point was placed 
in its provided recess, and the left condylar element locked against its stop; the 
right condylar element had risen along its condylar guidance, and this position 
was locked to prevent any further posterior displacement. 


Dial indicator measurements and the plottings of the abutment tooth move- 
ments were obtained for centric, protrusive, right lateral, and left lateral positions 
under 10, 20, and 30 pound loads at the power point. 


Upon the completion of each series of recordings, the partial denture was 
removed from the model, modified, and replaced. New graph paper was oriented 
upon the screen, dial indicators were adjusted, and the testing procedure was re- 
peated. This procedure was followed for each modification, and the measurements 


were compiled (Figs. 4, 5, and 6). 
CALIBRATION OF MOVEMENT OF ABUTMENT TEETH 


Calibration of the movement of the abutment teeth was accomplished by 
projecting the cross hair lines upon a screen in a manner similar to the plottings 


*Stages in which the partial denture was heat-treated to restore the properties of the partial 
denture gold. 
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made on the abutment tooth movement studies (Fig. 7). The left molar was 
selected for calibration, and was centered on a turntable in the same positional 
relationship as it was on the articulator. Known horizontal forces were applied to 








Fig. 7.—The calibration equipment in position under a modified Beseler opaque projector. 
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the lingual aspect of the left molar by means of a calibrated compression spring 
gauge maintained in a constant position by means of a vertical metallic jig. These 
forces caused a horizontal movement of the abutment tooth which was plotted on 
graph paper and designated as occurring at 0° angulation. The horizontal forces 
applied were 4, 8, 12, and 16 ounces. The turntable was turned counterclockwise 
30 degrees. The graph paper was moved vertically upward approximately 1 inch, 
and a new zero point was established for the new angulation. The identical forces 
were applied for this new angulation, and the movement was plotted. This pro- 
cedure was repeated upon each 30 degree turn until the model returned to its 
original position after it had been turned 360 degrees. 


Tooth # I7 


























buccay Lincuay 
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Fig. 8.—Horizontal calibration patterns of abutment tooth movement. The left third molar 
is designated as tooth No. 17, the left second bicuspid as tooth No. 20, and the right second 
bicuspid as tooth No. 29. 


The left second bicuspid was then centered on the turntable, and the tooth was 
calibrated in a similar fashion. Forces applied in this instance were 2, 4, 6, and 
8 ounces. 


Finally, the right second bicuspid was centered on the turntable and cali- 
brated. Forces of 2, 4, 8, 12, and 16 ounces were applied. 
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The points derived for each abutment tooth were then plotted on graph paper 
for each angulation, and the points were connected. Three irregular, concentric 
patterns resulted (Fig. 8). These patterns were transcribed to a transparent 
cellulose acetate sheet, which, when superimposed upon the recordings of abutment 
tooth movement in either centric, protrusive, right lateral, or left lateral positions, 
gave a quantitative value in horizontal terms. The direction and amount of move- 
ment for each abutment tooth under the various modifications could then be 
studied and evaluated. 


OBSERVATIONS FROM RECORDINGS 


Compilation and analysis of data obtained required interpretation of all six 
related recordings as a unit and not as local findings. The direction and amount 
of movement of the three abutment teeth must be interrelated with the measure- 
ments derived from the three dial indicators in order to evaluate the effect of 
partial denture design on bilateral force distribution. All modifications to the 
partial denture, for these comparative studies, could be valid only when the modifi- 
cation under consideration was compared to the previous modification. 


MODIFICATIONS 
| 2 3 4 5 6 | 7 8 i) 

Centric | | | 

10 Ib. 0030” 0030” 0030” .0030” | .0030” 0040” 0030” 0030” | .0045” 

20 Ib. | .0060 | .0050 0060 0050 0055 0065 .0050 .0050 | .0080 

30 lb. 0080 .0070 0085 .0070 .0075 0085 0070 .0070 .0110 
Protrusive | a 

10 lb. 0040 .0050 .0040 0040 .0035 0045 0035 0032 | = .0045 

20 Ib. .0080 .0090 .0075 | .0075 .0065 | .0070 0055 .0055 | = .0075 

30 Ib. .0110 .0110 0110 | .0110 .0090 0095 .0075 0075 | .0110 
Right lateral | | | 

10 Ib. 0032 0032 .0040 | .0035 | .0035 | .0030 .0030 | .0030 | .0050 

20 Ib. .0070 .0070 .0075 0070 | .0070 | .0065 0060 | .0060 | .0090 

30 Ib. | .0110 0105 | .0110 | .0100 | .0100 0095 .0085 | .0090 | .6125 
Left lateral | | 

10 Ib. 0030 .0030 | .0030 | .0045 0050 0050 .0035 | .0040 | .0050 

20 Ib. 0050 .0050 .0050 .0075 .0075 0075 .0050 | .0060 | .0080 


30 Ib. 0060 . 0060 0060 | .0085 0085 0095 0070 | .0075 | .0100 








In numerous instances, it was observed that, while the direction and amount 
of movement of the abutment teeth did not change markedly from a previous modi- 
fication under similar conditions, the measurements of the dial indicators did in- 
dicate an appreciable change. The reverse condition was also observed. 
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Centric 
10 Ib. 
20 Ib. 
30 Ib. 


Protrusive 
10 Ib. 
20 Ib. 
30 Ib. 


Right lateral 
10 Ib. 
20 Ib. 
30 Ib. 


Left lateral 
10 Ib. 
20 Ib. 
30 Ib. 


Centric 
10 Ib. 
20 Ib. 
30 Ib. 


Protrusive 
10 lb. 
20 Ib. 
30 Ib. 


Right lateral 
10 lb. 
20 lb. 
30 Ib. 


Left lateral 
10 Ib. 
20 Ib. 
30 Ib. 
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| MODIFICATIONS 
| | | | 
| 1 | 2 | 3 | 4 5 
| | | | 
| ae | | | | | | | 
| Left | Right | Left | Right | Left | Right | Left | Right | Left | Right 
| —.0004”; .0005”| —.0004”) .0008”) —.0006”| .0006”| —.0009”| .0014”| —.0010”| .0016” 
0004 | .0005 | —.0002 | .0009 | —.0017 | .0008 | —.0013 | .0015 | —.0018 | .0023 
0004 | .0005 | —.0001 .0010 | —.0022 .0009 | —.0015 | .0015 | —.0020 | .0024 
0005 | —.0010 | .0000 | .0003 | —.0002 | .0000 | —.0004 | .0002 | —.0001 | .0001 
0002 | —.0001 | —.0006 | .0005 | —.0006 | .0003 | —.0013 | .0005 | —.0007 | .0006 
-.0014 | .0006 | —.0010 0006 | —.0015 | .0005 | —.0019 | .0006 | —.0014 | .0008 
| | | | | | 
| | | | 
.0000 | —.0002 0000 | —.0004 | —.0002 | —.0003 | —.0002 .0000 | —.0001 | —.0002 
0006 | —.0014 0006 | —.0017 | —.0001 | —.0013 | —.0003 | —.0010 | —.0002 | —.0013 
.0014 | —.0020 | .0018 | —.0028 .0002 | —.0028 | —.0004 | —.0021 | —.0002 | —.0025 
| | | | | | | 
| | 
—.0001 | .0007 | .0000 {| .0002 —.0008  .0010 | —.0003 | .0004 | —.0006 | .0008 
—.0002 | .0017; .0000 | .0018 | —.0015 | .0020 | —.0008 .0010 | —.0011 | .0011 
—.0004 .0026 | .0002 .0025 | —.0018 0028 | —.0011 | .0013 | —.0014 0019 
6 7 8 9 
San ASE GRE (OEE Gielen Gea Sates | : _— 
| Left | Right | Left Right | Left | Right | Left | Right 
: — |—.0005 |} .0007 | —.0003 .0006 | —.0004 | .0005 | —.0007 | .0003 
— — |—.0010; .0009 | —.0006 | .0008 |—.0018 | .0008 |—.0014 | .0000 
— —.0017 0010 | —.0014 0010 | —.0019 | .0009 | —.0015 | —.0003 
—.0002 .0003 | —.0002 .0003 | —.0001 .0008 | —.0006 | .0000 
— |—O 0004 —.0009 | .0005 | —.0008 0009 | —.0012 | —.0006 
- a] —.0015 0004 | —.0014 | .0007 | —.0014 | .0010 | —0017 | —.0011 
- — |—0001) .0000  .0001 | —.0007 | .0002 | —.0005 | —.0002 | —.0006 
— — j|—.0002 | —.0009 0004 | —.0019 | .0005 | —.0022 | .0000 | —.0028 
— | 0000 | —.0024 0010 | —.0040 | .0011 | —.0043 | .0004 | —.0050 
- -- —.0006 | .0009 | —.0006 | .0012 | —.0003 .0009 | —.0006 | .0003 
~ — |~,0013 | .0016 | —.0012| .0024 |—.0010 | .0010 | —.0008 | .0003 
—.0020 .0030 | —.0015 .0031 | —.0018 .0016 | —.0010 | .0006 
SUMMARY OF FINDINGS 


1. The test partial denture as it was designed originally is shown in Fig. 1. 
Measurements were made and recorded. These measurements were later com- 
pared with the measurements obtained upon modification of the partial denture. 


2. The reinforced buccal arm was removed from the ring clasp. 


The removal of the reinforced buccal arm from the ring clasp increased its 
flexibility as evidenced by the change of direction and amount of movement of the 


left molar. 


3. The ring clasp was removed. 
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The removal of the ring clasp altered the force distribution of the partial 
denture as evidenced by the altered direction and amount of movement of the left 
molar. The partial denture, as designed originally, with the reinforced ring clasp 
on the left molar appeared to be a more desirable design in reducing both vertical 
and horizontal stresses. 

4. The lingual plate was altered to become a continuous bar retainer. 

A lingual plate, serving as a multiple indirect retainer, added materially to 
the rigidity of the partial denture. The modification of the lingual plate to a con- 
tinuous bar retainer increased the horizontal stresses as indicated by the measure- 
ments obtained from the lingual dial indicators in the right lateral position. 

5. The continuous bar retainer was removed. 

With the mesio-occlusal rests as indirect retainers on right and left first 
bicuspids remaining, the removal of the continuous bar retainer produced no ap- 
preciable changes in abutment tooth movement or dial indicator measurements. 

6. The indirect retainers were removed. 

Although the abutment teeth showed little relative changes in their move- 
ments, the dial measurements indicated that the indirect retainers do have a direct 
influence on vertical and horizontal stress distribution. 

7. The rigid lingual bar was reduced so it would be a flexible bar. 

A rigid lingual bar is more desirable in withstanding horizontal stresses. 
Marked movement of the right second bicuspid and the measurements obtained 
from the lingual dial indicators in the right lateral position indicate the inability 
of a flexible lingual bar to resist horizontal stresses. 

8. The left denture base was reduced. 

Although the saddle reduction on the left side was comparably small, it was 
sufficient to indicate the importance of maximum coverage of denture-bearing 
areas. 

9. The right denture base was reduced. 

Marked changes were observed at all measuring sites. Maximum coverage 
of denture-bearing areas with large, wide denture bases that extend posteriorly, 
buccally and lingually, consistent with anatomic and physiologic limitations, are of 
the utmost importance in withstanding both vertical and horizontal components 
of stress. 

CONCLUSIONS 


Success or failure in a partial denture service is dependent upon many un- 
certain factors, which if known, would enhance the chances for greater success, 
and to the realization that the requirements of a partial denture have been fulfilled, 
namely, to preserve, restore, and maintain the remaining teeth and related oral 
structures well within the limits of physiologic tolerance. 

The effect of partial denture design on bilateral force distribution was studied 
in relation to the movement of the abutment teeth and related simulated resilient 
tissues in which the extensive stress distribution principle was employed. 

Based on the findings of this study, it can be concluded that: (1) A ring 
clasp, reinforced with a buccal arm, reduces its flexibility. (2) A rigid lingual bar 
is more desirable than a flexible lingual bar in withstanding horizontal stresses. 
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(3) Maximum coverage of denture-bearing areas with denture bases is of the ut- 
most importance in withstanding both vertical and horizontal stresses. (4) No 
definite conclusions could be made relative to the other modifications considered 
other than that they are dependent upon the basic rigidity of the lingual bar. 


I wish to acknowledge indebtedness to Captain A. R. Frechette, (DC), USN, for his counsel 
and guidance, and to J. C. Thompson, B. S., F. D. Carpenter, B.S., J H. Sneed, photographer, 
W. E. Gilbert, machinist, and others of the U. S. Naval Electronics Laboratory, San Diego, Cali- 
fornia, for their generous suggestions and invaluable technical assistance. 
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THE PLANNING AND CONTOURING OF ACRYLIC RESIN 
VENEER CROWNS FOR PARTIAL DENTURE CLASPING 


Louis BLATTERFEIN, D.D.S.* 


Brooklyn, N. Y. 


ITH THE ADVENT AND IMPROVEMENT of acrylic resins, a new 

and versatile restoration has been made available to the dentist—the acrylic 
resin veneer crown. One of its many uses is as a restoration for a tooth that is to 
serve as a partial denture abutment. Its strength, the ease with which the re- 
quired contour can be established, and its esthetic quality make it admirably suited 
for this purpose. Such a restoration may be indicated because of extensive caries, 
a high caries susceptibility, pre-existing restorations that are unesthetic, the 
necessity of splinting, or for the correction of a disharmonious occlusion. 

If such a restoration is to be clasped, proper planning and contouring are 
necessary for maximum clasp function and efficiency. The two functions of a 
clasp used in conjunction with a shallow rest are (1) primary retention and (2) 
lateral force transmission.” 

Primary retention resists vertical dislodging forces acting on a partial denture. 
These forces may be induced by sticky foods, gravity, muscle action during 
speech, mastication and deglutition. This primary retention is attained by con- 
tacting an undercut area of a tooth with the flexible third of a clasp arm. 

The transmission of lateral forces from a partial denture to clasped teeth 
is necessary to provide denture stability and to distribute stresses to abutment 
teeth. This lateral force transmission is accomplished by contacting non-undercut 
areas of a tooth with the rigid third of a clasp arm and the body of the clasp 
(Fig. 1). To provide a clasp on a veneer crown with both these functions, it is 
necessary to eliminate undercuts in some areas and create undercuts in others. 


IDEAL CROWN CONTOUR FOR CLASPING 


To determine the contour of a crown necessary for optimum clasp function, 
ideal clasp positioning must be used as a basis. For a circumferential clasp, this 
ideal position must be considered on the various tooth surfaces that are contacted. 
A circumferential clasp contacts a proximal surface and usually the buccal and 
lingual surfaces. The segment that contacts the proximal surface is called the 
body, and the segments contacting the buccal and lingual surfaces are called the 
arms (Fig. 2). 


Read before the Section of Partial Prosthodontics, Ninety-fifth Annual Session, American 
Dental Association, Miami, Fla., Nov. 9, 1954. 

Received for publication Oct. 20, 1955. 

*Associate Professor of Denture Prosthesis, New York University, College of Dentistry. 
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The body of a clasp is rigid and aids in the transmission of lateral forces 
from the partial denture to the abutment tooth. To transmit these lateral forces 
over as short a lever arm as possible and thereby minimize stresses to the alveolar 
support, the body should be placed as close to the gingival margin as possible. 
Placing the body of the clasp at the lowest possible level, however, would create 
two unfavorable situations. The upright that connects the clasp to the base of the 
partial denture would impinge on the marginal gingivae and cause irritation and 
subsequent inflammation. Second, the connection of an occlusal rest to the body 
of the clasp would be excessively long. A weak structure prone to fracture would 
result. To eliminate these unfavorable factors, an optimum location of the body 
of a clasp would be with its inferior edge approximately halfway between the 
gingival margin and the occlusal surface of the tooth. This location would provide 
the proximal marginal gingivae with sufficient “breathing space.” It would also 
provide an attached occlusal rest with satisfactory strength (Fig. 3). 

To permit this positioning of the clasp the height of contour or survey line 
of the proximal surface should be somewhere in its gingival half. With such a 
survey line, the occlusal half of the proximal surface would be the non-undercut 
zone of the tooth. The body of the clasp could then be placed on it in its ideal 
position of midway between the gingival margin and occlusal surface (Fig. 4). 

The arm of a clasp has a rigid section that effects the transmission of lateral 
forces and a flexible section that provides primary retention. These sections are 
connected by a semirigid section that accomplishes a gradual transition from the 
opposite properties of rigidity to flexibility in a clasp arm (Fig. 1). 

To study the ideal positioning of these sections of a clasp arm, the buccal 
or lingual surface may be arbitrarily bisected in a vertical direction. That half 
nearest the edentulous area may be called the near zone, and that half away from 
the edentulous area may be called the far zone (Fig. 5). The near zone is 
contacted by the rigid section of a typical clasp arm, and the far zone is con- 
tacted by the flexible section. 

The ideal position of the flexible section of a clasp arm would be at the 
gingival margin. At this location, it would be least conspicuous, and any forces 
it might transmit to the tooth’s alveolar support would be acting over the shortest 
possible lever arm. 

If the flexible section of a clasp arm is to effect primary retention, it must 
be placed in an undercut area. An undercut area is the zone of the tooth 
gingival to the height of contour or survey line. To provide this undercut, the 
survey line in the far zone must be occlusal to the desired gingival positioning 
of the flexible section. Its ideal location would be approximately at the junction 
of the middle and gingival thirds. Such a survey line would permit the ideal 
positioning (at the gingival margin) of the flexible section of a clasp arm (Tig. C). 


The rigid section of a clasp arm lying in the near zone must be positioned 
to effect a connection between the body and the flexible section. As the body 
rests midway on the proximal surface and the extremity of the flexible section rests 
at the gingival margin and gradually ascends, the rigid section to be continuous 
with them must run approximately midway across the near zone. As it ap- 
proaches the flexible segment in the far zone, it becomes semirigid and descends 
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BODY AND RIGID THIRD 
(LATERAL FORCE TRANSMISSION) 


NONUNDERCUT ZONE 


Fig. 1.—Typical circumferential clasp 
design. The body and rigid third contact 
the tooth in its non-undercut zone, and pro- 
vide for the transmission of lateral forces 
from the clasp to the abutment tooth. The 
flexible third contacts the tooth in its under- 
cut zone and provides primary retention. 





FLEXIBLE THIRD 
(PRIMARY RETENTION) 


UNDERCUT ZONE 


Fig. 2.—Parts of the typical circumfer- 
ential clasp. 


Fig. 3.—Positioning of the body of a 
clasp on the proximal surface. A. Placement 
close to the gingival margin minimizes 
stresses to alveolar support but may cause 
gingival impingement at a and creates a long, 
weak connection to the occlusal rest at Db. 
B. Placement halfway between = gingival 
margin and occlusal surface. The danger of 
gingival impingement at a is eliminated, and 
the connection to the occlusal rest at b is 
sufficiently short to provide adequate 
strength. 





Fig. 4.—Ideal survey line on the proxi- 
BooY OF CLASP mal surface of an abutment tooth. An ideal 
survey line is one that lies in the gingival 








OCCLUSAL gic : a 
HALF half of the proximal surface. Survey lines, 
a, b, c, d, are all ideal as they lie in this 

quan. IDEAL — area. With any of these lines, the body of 
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ideal position of midway between the gingi- 
val margin and occlusal surface. 
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Fig. 5.—Arbitrary division and nomen- 


clature of a buccal or lingual surface. 


Fig. 6.—Ideal location of the survey line 
in the far zone. The survey line in the far 
zone should be at the junction of the middle 
and gingival thirds. With such a survey line 
the flexible third can be placed close to the 
gingival margin while engaging an undercut 
necessary for primary retention. 


Fig. 7.—Location of the survey line in 
the near zone. An ideal survey line is any 
one that lies in the gingival half of the near 
zone. Survey lines a, b, c, d, are all ideal 
as they lie in this area. With any of these 
lines, the rigid third of a clasp arm can be 
placed in its ideal position. 


Fig. 8.—Wear on an acrylic resin veneer 
by the flexible third of a clasp arm (placed 
in an undercut area). A, Original contour. 
he denotes the height of contour (survey 
line) as shown by the surveyor point. ft 
denotes flexible third of clasp arm placed in 
the undercut area gingival to survey line. B, 
Change in contour induced by wear. Flex- 
ible third ft will wear away the acrylic resin 
that forms the undercut until new height of 
contour line h’c’ is formed. Little or no un- 
dercut will be present with the new contour 
and the flexible third will no longer provide 
the required primary retention. 
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gingivally to join it. To allow for this positioning, the survey line should be 
somewhere in the gingival half of the near zone. With such a survey line, the 
occlusal half of the near zone would be non-undercut and allow for proper place- 
ment of the rigid section of a clasp arm (Fig. 7). 

If a crown is to be placed on an abutment tooth, these ideal clasping con- 
tours can be built into the crown. A problem arises, however, if its buccal sur- 
face contains an acrylic resin veneer. With an acrylic resin veneer, the undercut 
necessary for primary retention would be formed entirely in acrylic resin. The 
flexible section of a clasp arm would cause a wearing action on the undercut after 
repeated insertions and removals. The ultimate amount of wear is determined 
by the hardness of the acrylic resin and the resiliency of the flexible section of the 
clasp arm. In most instances a critical amount of the height of contour line would 
be worn away and, with it, most of the undercut that effects primary retention 
would be eliminated (Fig. 8). As a result, the initial primary retention of the 
buccal arm would be lost, and the mouth comfort and efficiency of the partial 





Fig. 9. Fig. 10. 


Fig. 9.—The cast used for illustrating the procedure. Acrylic resin veneer crowns are 
to be constructed for the right second bicuspid, right third molar, and left second bicuspid. A 
partial denture will then be constructed clasping these abutment crowns. 

Fig. 10.—Abutment teeth prepared for acrylic resin veneer crowns, and the copper band 


impressions. 


denture might be impaired. Tightening of the clasp arm would not help the 
situation as contact of the arm against the tooth surface has not been disturbed 
by this wearing process. Tightening might only interfere with the proper seating 
of the clasp and set up an undesirable spring tension action. 

To prevent this undesirable wear, the undercut providing primary retention 
must be constructed entirely in metal rather than acrylic resin. Its contour then 
would be indefinitely maintained, regardless of the number of insertions and re- 
movals of the partial denture. Modifications in the routine procedure of acrylic 
resin veneer crown construction must be adopted for this purpose. Crowns can- 
not be constructed individually, but must be contoured in relation to one another. 
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In this manner, their survey lines would be properly located to permit effective 
clasp design. Outline forms for acrylic resin veneers must be made in relation 
to these established survey lines to maintain retention undercuts in metal, and 
thereby prevent wear. 





Fig. 11. Fig. 12. 


Fig. 11—Amalgam dies of the prepared teeth and transfer copings for each die. 

Fig. 12.—The transfer copings in position on their respective dies. The outer surfaces 
are undercut occlusogingivally to aid their retention in a subsequent full mouth impression. 
Their occlusal surfaces are flat and grooved to prevent their rotation in the full mouth im- 
pression. 





Fig. 13. Fig. 14. 


Fig. 13.—The transfer copings seated on the prepared teeth. 
Fig. 14.—A full jaw impression (alginate) over the transfer copings seated on the prepared 
teeth. 


PROCEDURE 


All abutment teeth that are to receive crowns (either gold or acrylic resin 
veneer) are prepared. Copper band impressions of the individual preparations 
are made (Figs. 9 and 10), and are either electroplated or packed with amalgam. 
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When completed, their root portions are trimmed. A transfer coping of either 
low-fusing metal, silver or gold is constructed on each individual die. The outer 
surface of the transfer coping is slightly undercut occlusogingivally, and the occlusal 
surface is made flat and grooved (Figs. 11 and 12). The transfer copings are 
seated on the prepared teeth (Fig. 13) and a full jaw impression in either plaster 





Fig. 15. Fig. 16. 


Fig. 15.—The impression removed. Transfer copings are held in position in the impression 
because of the occlusogingival undercut of their outer surfaces. The dies are ready to be 
seated in the transfer copings. 

Fig. 16.—The dies are seated and waxed to transfer copings. 





rig. 17. Fig. 18. 


Fig. 17.—The poured cast with dies in position. 
Fig. 18.—The wax patterns of crowns carved for occlusion, contact points, alignment, and 
approximate anatomic detail. 


or alginate impression material is made (Fig. 14). After its removal, the transfer 
copings usually will remain in the impression because of the occlusogingival 
undercut of their outer surfaces (Fig. 15). The dies are seated in their respective 
copings and waxed firmly to them (Fig. 16). The roots of the dies are lubri- 
cated, separating medium is applied if plaster was used as the impression ma- 








Volume 6 


Heater 3 ACRYLIC RESIN VENEER CROWNS 393 


terial, and artificial stone is poured into the impression. The cast is allowed to 


set and then is separated (Fig. 17). 


Jaw relation records are made according to the type and extent of the 
restorative procedure. An impression of the opposing jaw is also made and a 
cast is poured. Both casts are mounted on an appropriate articulator according 


to the jaw relation records. 





Fig. 19.—The cast with wax patterns placed on an adjustable surveyor platform ready to be 
subjected to a surveyor analysis. 





Fig. 20.—A mixture of zinc oxide and water is painted on the outer surfaces of the wax patterns. 


The dies are then removed from the full jaw cast, cleaned, and lubricated. Pat- 
terns for the crowns are waxed on the dies and seated into the working cast. 
They are shaped and carved for appropriate occlusion, contact points, alignment, 
and anatomic detail (Fig. 18). When completed, the cast is removed from its 
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plaster mounting on the articulator and placed on an adjustable surveyor plat- 
form (Fig. 19). It is then subjected to a surveyor analysis for partial denture 
design. The surveyor platform is tilted and set at the angle that provides the 
most favorable path of insertion for the contemplated partial denture. All the 
wax patterns for the crowns are then surveyed with a metal analyzing rod. A 
firm side pressure produces a burnished area on the wax pattern, which stands 
out and indicates the survey line. 


Fig. 21. Fig. 22. 





Fig. 23. Fig. 24. 


Fig. 21.—The dried white coating on the wax patterns. 

Fig. 22.—Survey lines on the wax patterns carved in a routine manner. Survey lines in the 
body zones and near zones are too close to the occlusal surface, and would not permit ideal clasp 
positioning. Survey lines in far zones are at the gingival margin. No undercuts for primary 
retention are present. Corrections in contour are necessary for ideal circumferential clasp 
design. 

Fig. 23.—The corrected wax patterns (right side view). Ideal survey lines for circum- 
ferential clasps are present in all clasping zones. 

Fig. 24.—The corrected wax patterns (left side view). 


A contrasting medium may be desired to show up the survey line more clearly 
on the dark-colored wax patterns. If so, a mixture of zinc oxide and water can be 
made and painted on the wax patterns with a small brush (Fig. 20). After dry- 
ing, the wax patterns will have a white coating on them (Fig. 21). When sur- 
veyed, the surveyor stylus will remove the white coating at the height of contour 
and leave a well-defined survey line or zone. The survey lines attained on the 
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various tooth sections (body zone, near zone, far zone) are observed and com- 
pared to the ideal positioning previously described (Fig. 22). If they vary from 
the ideal, corrections are made on the wax patterns either by carving away ex- 
cessive contour or by making additions of wax where the contour is insufficient. 
This procedure is continued until each crown pattern has the necessary form to 
permit an ideal clasp design (Figs. 23 and 24). 

After each crown pattern has the desired form, windows are cut on the 
buccal surfaces of those crowns that are to receive acrylic resin veneers. If a 
circumferential clasp is to be used, the window is cut in a routine manner except 
in the far zone of the buccal surface. As the flexible section of the buccal arm 
will contact the far zone, its height of contour line (survey line) and undercut 
zone must be constructed entirely of gold to prevent the wearing away of the 
undercut. The ideal position of a survey line in the far zone is at the junction 
of the middle and gingival thirds. The gingival rim of the veneer window should 
be carved slightly occlusal to this position. Thus an undercut entirely of gold 
will be provided (Figs 25 and 26). 
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Fig. 25. Fig. 26. 


Fig. 25.—Diagrammatic outline of the window for an acrylic resin veneer carved in a wax 
pattern of a crown that is to carry a circumferential clasp. In the near zone (that half of the 
buccal surface adjacent to the edentulous area), the window is cut as far occlusally and 
gingivally as possible. In the far zone, the gingival outline of the window is cut occlusal to 
the survey line that should be ideally located at the junction of the middle and gingival thirds. 
In a casting of this pattern, the undercut area would be entirely of gold. 

Fig. 26.—Side view of wax pattern with window for the reception of an acrylic resin 
veneer (where a circumferential clasp is to be used). View shows relationship of gingival out- 
line of window to survey line in the far zone.. Outline is slightly occlusal to survey line. 


After the window is carved in this manner (Fig. 27), retention loops or 
pins are waxed into it (Fig. 28). The completed wax patterns are then sprued, 
removed from their dies, invested, and cast. The castings are cleaned, trimmed, 
and fitted to their respective dies. Each assembly is seated back into the full jaw 
working cast and checked for contact and occlusion. The cast is placed back 
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onto the surveyor platform, and the crowns are resurveyed (Fig. 29). A carbon 
point now is used in the surveyor to mark the survey lines distinctly on the 
castings. The position of the survey lines are carefully checked. If any cor- 
rections are required, they are made by grinding away excessive contour and 
making additions in solder where the contour is insufficient. 





Fig. 27. Fig. 28. 
Fig. 27.—Windows for acrylic resin veneers carved in wax patterns. (Crowns to carry 
circumferential clasps). 
Fig. 28.—Waxups completed by addition of retention loops for the acrylic resin veneers. 





fie, 29.—Castings of wax patterns. The crowns are resurveyed using a carbon point to check 
on the position of the survey lines. 


The castings are then fitted on the preparations in the mouth, and final cor- 
rections of contact and occlusion are made. After removal from the mouth, 
the windows are prepared for the reception of acrylic resin veneers. The crowns 
are then completely polished, and the acrylic resin veneers are processed into the 
prepared windows. Care must be taken not to overbuild the acrylic resin veneers 
as the survey lines would be changed and correct clasp positioning would not be 
possible. 

After processing, the veneers are trimmed and carved. Before final polish- 
ing, they are returned to the dies on the working cast and subjected to a final 
survey (Figs. 30 and 31). If the veneers have been overbuilt, appropriate re- 
ductions in contour are made. They are given a final high polish and cemented 
onto the prepared teeth. Partial denture construction is then carried out. The 
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abutment teeth that have been restored with acrylic resin veneer crowns will yield 
ideal survey lines. Typical circumferential clasps can be placed on them (Figs. 32, 
33, and 34). The rigid sections on the buccal surfaces will contact the acrylic 





Fig. 30. Fig. 31. 


Fig. 30.—The completed acrylic veneer crowns (right side view). The crowns are re- 
surveyed to check on possible overcontouring of the acrylic resin veneers. Overcontouring will 
change the survey lines bringing them too close to the occlusal surface. 

Fig. 31.—The completed acrylic resin veneer crowns (left side view). 





Fig. 32. Fig. 33. 


Fig. 32.—The completed partial denture framework (right side view). Circumferential 
clasps are placed over the acrylic resin veneer crowns on the abutment teeth. The flexible 
thirds of the buccal clasp arms are placed in the undercuts constructed entirely of metal. No 
wear will ensue and primary retention will be maintained. The rigid thirds of the clasps arms 
ean contact acrylic resin as they are placed in non-undercut areas and will not cause wear. 

Fig. 33.—The completed partial denture framework (left side view). 





Fig. 34.—The buccal clasp arm on the right second bicuspid. Note its relationship to the 
survey line. 
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resin. As this contact is on the non-undercut area, no wear will result from 
insertion and removal. The flexible sections will contact metal, and the survey 
lines occlusal to them also are on metal. Wear from insertion and removal will 
be resisted by this undercut area of metal, and primary retention will be main- 
tained. 

Some criticisms of this type of an acrylic resin veneer crown may arise. 
Good shading in the far zone of the veneer may be difficult or impossible when 
the abutment tooth has a short crown. The display of gold may be excessive and 








SEMI- RIGID THIRD 





FLEXIBLE THIRD 
GINGIVAL BAR 





Fig. 35.—The reverse loop clasp arm. The rigid third is similar to that of a circumferential 
clasp. The flexible third lies in the near zone and part of the proximal surface. The semi- 
rigid third connects them by looping them back on itself. 

Fig. 36.—A Roach bar clasp. The flexible segment is placed in an undercut in the near 
zone and part of the proximal surface. It is connected to the main part of the partial denture 
by means of a bar traversing the gingival tissues. 

Fig. 37.—The location of ideal survey lines when the near zone is being used for primary 
retention. In the near zone, the survey line must be at the junction of the gingival and middle 
thirds. In the far zone, any survey line lying in its gingival half may be considered as ideal. 
The four lines shown in the far zone are all ideal survey lines. 
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objectionable to patients with short lips. And, finally, a retention area closer 
to the saddle extremity of the partial denture may be required. This might be 
necessary if the veneer crown is adjacent to a free-end denture base, and a strong 
lifting action is anticipated. 

When these criticisms are valid, another area of the tooth may be used for 
primary retention. The near zone and the buccal third of the near proximal sur- 
face may be used in place of the far zone. The flexible segment of the clasp arm 
is placed in this section of the tooth rather than in the far zone. When placed 
thus, variations of the typical circumferential clasp must be used. Either the 
reverse loop clasp arm or the Roach bar clasp may be used. 


VARIATIONS OF THE TYPICAL CIRCUMFERENTIAL CLASP 

The reverse loop clasp arm has a rigid third similar to a circumferential clasp. 
The semirigid third, however, instead of joining to a flexible third lying in the 
far zone, loops back on itself to join a flexible third now lying in the near zone 
and part of the proximal surface. This forms a reverse loop clasp arm (Fig. 35), 
which functions similarly to a circumferential clasp arm in transmitting lateral 
forces. It provides better primary retention than a circumferential clasp arm as 
its retentive segment is closer to the saddle (denture base) extremity that is being 
retained. 





Fig. 38. Fig. 39. 


Fig. 38.—The contour and survey lines of wax patterns where the near zones are being 
used for primary retention (right side view). The survey lines in the near zones must be 
at junction of the gingival and middle thirds. 

Fig. 39.—The contour and survey lines of wax patterns where the near zones are being 
used for primary retention (left side view). 


The Roach bar clasp consists of a bar originating from the saddle (denture 
base), traversing the gingival tissues and joining a flexible segment placed in the 
undercut area of the near zone and part of the proximal surface (Fig. 36). It pro- 
vides superior primary retention, but fails to transmit lateral forces effectively 
to an abutment tooth. 

Regardless of which of these clasp arms is used, the buccal contour and 
veneer window outline of a crown are identical. The crown must be so con- 
toured that the survey line on the near zone and proximal surface is specifically 
at the junction of the gingival and middle thirds (Fig. 37). For the circum- 
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ferential arm, it could be anywhere in the gingival half of these tooth areas. Such 
latitude is not possible in this instance. With a survey line at the junction of 
the gingival and middle thirds, the retentive segment can be placed close to the 
gingival margin, and the body and rigid third can be placed in any required 
position. 







SURVEY LINE 


Fig. 40.—A diagrammatic outline of a window for an acrylic resin veneer carved in a wax 
pattern of a crown that is to carry a reverse loop or Roach bar clasp. In the far zone, the 
window is cut as far occlusally and gingivally as possible. In the near zone, the gingival 
outline of the window is cut slightly occlusal to the survey line that should be located at the 
junction of the middle and gingival thirds. In a casting of this pattern, the undercut for 
primary retention will be entirely of gold. 





Fig. 41. Fig. 42. 


Fig. 41.—Windows for acrylic veneers carved in wax patterns. The near zone is to be used 
for primary retention. 

Fig. 42.—The waxups are completed by the addition of retention loops for the acrylic resin 
veneers. 


When such a contour is desired on a crown, these details are incorporated 
into the wax pattern following the previously described procedure (Figs. 38 and 
39). A window for the acrylic resin veneer is then cut in a manner to maintain 
the survey line and undercut area of the near zone in metal. To do so, the 
gingival rim of the window in the near zone is cut slightly occlusal to the survey 
line. This will provide an undercut entirely in metal. As there will be no clasping 
contact in the far zone, the window here is cut as far gingivally as the prepara- 
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tion permits. The remainder of the window is carved in the usual manner (Figs. 
40 and 41). Retention for acrylic resin is provided in the carved window (Fig. 
42), and the pattern then is invested and cast. The crown is fitted, resurveyed 
(Fig. 43), its contour corrected if necessary, and its window is prepared for the 
acrylic resin and then polished. The acrylic resin veneer is processed and checked 
for overcontouring (Figs. 44 and 45). The completed crown then is cemented 
to place. 





Fig. 43.—Castings of the wax patterns. The crowns are resurveyed to check on the position of 
the survey lines. 





Fig. 44. Fig. 45. 


Fig. 44.—The completed acrylic resin veneer crowns for near zone retention (right side 
view). The crowns are resurveyed to check on possible overcontouring of the acrylic resin 
veneers. Overcontouring will change the survey lines. 

Fig. 45.—The completed acrylic resin veneer crowns for near zone retention (left side view). 


When partial denture construction is undertaken, any type of clasp using 
the near zone for retention can be used on the buccal surface. No wear will re- 
sult on the acrylic resin veneer as the undercut is entirely of metal. Figs. 46, 
47, 48, and 49 show a reverse loop clasp arm and a Roach bar clasp on acrylic 
resin veneer crowns constructed in this manner. 


At 


~ 


acrylic resin veneer processed in a window of such an outline will have good 


shading and will display only slightly more metal than a routine veneer. There will 
be a small crescent-shaped area of gold visible in the near zone. As a clasp section 
is contacting most of it, metal of the clasp would be visible in this area even with 
a veneer crown that made no provisions for retentive undercuts in metal. 
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When either of these variations of the typical circumferential clasp is used 
buccally, a routine arm may be used lingually (lingual surface of molar of Fig. 
47). The lingual surface of the crown should be contoured for its proper recep- 
tion. The survey line should be anywhere in the gingival half of the near zone, 
and at the junction of the gingival and middle thirds in the far zone. 





Fig. 46. Fig. 47. 


Fig. 46.—The completed partial denture framework (right side view). A reverse loop 
clasp arm is used buccally on the second bicuspid. A Roach bar clasp arm is used buccally on 
the molar. Both use the near zone for primary retention. The undercuts in the near zones 
are entirely of gold. No wear will ensue and primary retention will be maintained. 

Fig. 47.—The completed partial denture framework (left side view). A reverse loop clasp 
arm is used buccally on the second bicuspid to attain near zone retention. 





Fig. 48. Fig. 49. 


Fig. 48.—The reverse loop clasp arm on the right second bicuspid crown. Note its relation- 
ship to the survey line. 

Fig. 49.—The Roach bar clasp arm on the right molar crown. Note its relationship to the 
survey line. 


In some instances, a retention area closer to the saddle (denture base) extrem- 
ity may be required on the lingual aspect as well as buccally. The lingual surface 
then can be contoured similarly to the buccal surface. The survey line must be at 
the junction of the gingival and middle thirds in the near zone, and may be 
anywhere in the gingival half of the far zone. With this contour the reverse loop 
arm or the bar clasp may be used. If, however, the reverse loop arm is used both 
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buccally and lingually, a possibility of unsatisfactory reciprocation exists." There 
may not be an encirclement of more than 180 degrees of the tooth circumference. 
Tooth movement away from the clasp is then possible. 


To avoid this possibility of tooth movement and still establish retention in 
the near zone, a reverse attachment clasp arm should be used. It is similar to a 
typical circumferential clasp except that it runs in a reverse direction (lingual 
surfaces of bicuspids of Figs. 46 and 47). Its flexible section contacts the near 
zone rather than the usual far zone, and its rigid section contacts the far zone. 
It is connected to the base of the partial denture by an upright from the lingual 
bar. This type of clasp arm provides retention close to the saddle (denture base) 
extremity, and eliminates any possibility of tooth movement due to unsatisfactory 
reciprocation. 


The adoption of these procedures in acrylic resin veneer crown construction 
will result in crowns having ideal clasping contour, and acrylic resin veneers that 
will not be worn away by clasping action. 


SUMMARY 


Crowns on abutment teeth that are to be clasped must be properly planned 
and contoured for maximum clasp function. Ideal clasp positioning is used as a 
basis for establishing functional contour. The typical circumferential clasp con- 
tacts a proximal surface and usually the buccal and lingual surfaces. The body 
of a clasp should be located with its inferior edge approximately halfway be- 
tween the gingival margin and the occlusal surface of the tooth. To permit this 
positioning, the height of contour (survey line) of the proximal surface should be 
somewhere in the gingival half of the tooth. a 


The flexible section of a clasp arm lies in the far zone and should be positioned 
at the gingival margin. For this positioning, the survey line in the far zone should 
be at the junction of the middle and gingival thirds. The rigid section of a clasp 
arm lies in the near zone and joins the body to the flexible section. It should be 
placed midway between the gingival margin and occlusal surface. To allow for 
this positioning, the survey line should be somewhere in the gingival half of the 
near zone. 


If these contours are constructed on an acrylic resin veneer crown abutment, 
the undercut necessary for clasp retention will be entirely of acrylic resin. Re- 
peated insertions and removals will wear away the undercut with the ultimate loss 
of clasp retention. To prevent this undesirable wear, the undercut providing pri- 
mary retention must be constructed entirely in metal rather than acrylic resin. 
If crowns are to be constructed with these contours, modifications in routine pro- 
cedure must be adopted. They must be contoured in relation to one another. 


A master cast is obtained with dies of the prepared teeth in correct relation 
to one another. Wax patterns of crowns are surveyed and contours corrected to 
give ideal survey lines. Windows for acrylic resin veneers are carved in the pat- 
terns. In the near zone, these windows are carved as far occlusally and gingivally 
as possible. In the far zone, their gingival outlines are carved slightly occlusal to 
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the survey line that is ideally located at the junction of the gingival and middle 
thirds. Crowns are cast, again surveyed for correct contour, and the veneers are 
processed. The veneers are checked on the surveyor for overcontouring. 

If clasping retention is desired in the near zone rather than the far zone, the 
wax patterns are contoured differently. In the near zone, the survey line should 
be at the junction of the gingival and middle thirds. In the far zone, the survey 
line can be anywhere in the gingival half. When windows for acrylic veneers 
are carved, in the far zone the windows are cut as far occlusally and gingivally as 
possible. In the near zone, the gingival outlines of the windows are cut slightly 
occlusal to the survey line located at the junction of the gingival and middle thirds. 
The crowns are then completed from these patterns. 
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THE USE OF ALGINATE IMPRESSION MATERIALS IN THE 
SEARS’ HYDROCOLLOID IMPRESSION TECHNIQUE* 


Kk. W. SKINNER, Pu.D.** anp F. B. Carvis_e, D.D.S., M.S.D. 


Chicago, Ill. 


N A PREVIOUS REPORT by Hoblit and one of the present authors,’ it was 

I shown that there was no difference between the reversible (agar) and irre- 
versible (alginate) impression materials so far as the accuracy of the impressions 
obtained was concerned. Other researches in the Dental Materials Laboratory at 
Northwestern University Dental School have confirmed such a conclusion.” ° 

Such a conclusion appears to be controversial, however. A number of promi- 
nent dental clinicians have expressed the opinion that the alginate materials are 
not as accurate as the agar materials when they are used in crown and bridge 
procedures. According to a publication by Phillips and his coworkers,’ the alginate — 
impression materials are not as reliable as are the reversible hydrocolloid materials 
in obtaining impressions of prepared cavities, so far as routine clinical procedures 
are concerned. On the other hand, at least three publications by dental clinicians 
have expressed a contrary view.” 

In order to obtain more data in this connection, it was decided to continue 
the research of Hoblit' with more attention to the technical procedures involved 
in the use of the alginate impression materials. 


GENERAL PROCEDURE 


The method employed was essentially the same as that used by Hoblit. In 
this research, the bridge model was constructed entirely of porcelain.f The 
model simulated the conditions for a one-tooth bridge (Fig. 1). The base of the 
model measured 31 by 55 mm. The gingival diameter of the teeth was 14 mm. 
and their maximum height was 13 mm. 

Platinum markers were fused in the four gingival steps and in the two pulpal 
floors (Fig. 1). The markers were labeled 4, B, C, D, E, and F in sequence 
from left to right. Gauge marks were engraved in each marker. In subsequent 
discussions, it is to be understood that “AB” indicates the distance between marker 
A and B, and that distance “BC” is the distance between markers B and C, and 
so on. The distances AB, BC, CD, DE and EF were measured on the model at 
37°C. The measured distances presented in Table I are the average of sixty in- 
dependent measurements. The maximum standard deviation for any of the measure- 
ments was + 0.008 mm. 
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Two types of trays were used in obtaining the impressions. One was a per- 
forated metal tray similar to that used by Hoblit (Fig. 2). The other tray was 
made with a self-curing acrylic resin (Fig. 2). It was constructed on a stone cast 
of the model after the cast had been overlaid with two sheets of baseplate wax. The 
inside of the plastic tray was roughened and undercut to provide retention for the 
hydrocolloid material. 





Fig. 1—Top view of the porcelain model employed. A, B, C, D, E, and F are reference 
points for measurements. , 





Fig. 2.—Experimental impression trays for use with the model shown in Fig. 1. Above, 
the tray constructed of perforated metal. Below, the tray made of acrylic resin. 
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TABLE IJ. DIMENSIONS OF THE MASTER MopeL aT 37° C. 





BETWEEN DISTANCE 





MARKERS ( MILLIMETERS ) 
AB 4.863 
BC 4.870 
CD 16.810 
DE 4.697 


EF 5.158 





The impression technique was standard in that the Sears’ technique was 
followed throughout as closely as possible. A Hatch syringe was used to inject 
the material into the prepared cavities. The model was kept in water at 37° C. 
(99° F.) at all times except when it was in use. The impressions of the gauge 
marks were carefully measured at room temperature with a comparator microscope, 
immediately after the impression was removed from the model, and twice more 
at three-minute intervals. Except as noted, the technique was identical with that 
employed by Hoblit.* 


MATERIALS STUDIED 


Three reversible (agar) impression materials were studied for purposes of 
comparison with the six irreversible (alginate) impression materials. The code 
numbers together with the trade names of the products studied are presented in 
Table II. It is to be understood that the trade names of the products used are 
presented for general information only, and that the data obtained with these 
materials are in no way intended to be indicative of the relative merits of the various 
materials. 


TABLE II. MATERIALS INVESTIGATED 





CODE 





NO TRADE NAME | MANUFACTURER 
R-1 Dentocoll The L. D. Caulk Co. 
R-2 Deelastic Kerr Manufacturing Co. 
R-3 Coe-Loid 66 Coe Laboratories, Inc. 
I-1 Kalginate Lee Smith Co. 

[-2 Getz “Formula 51” The William Getz Corp. 
3 Zelex The L. D. ‘Caulk Co. 

1-4 Jeltrate The L. D. Caulk Co. 

[-5 DP Impression Cream Dental Perfection Co. 
I-6 


DP 3-in-1 Cream Dental Perfection Co. 


The materials were manipulated according to the directions supplied by the 
manufacturer. In the case of the agar materials, the impression technique was 
essentially that described by Thompson,* with the exception that after the filled 
impression tray was placed on the model, it was allowed to gel at body temperature 
(37° C.) for twenty to thirty minutes before it was disturbed. Such a procedure 
reduced the magnitude of the induced stresses, and rendered the results more 
uniform. 
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The manufacturer’s directions were also followed in the manipulation of the 
irreversible materials except that the amount of water was increased by 6 c.c. in 
each instance, and the temperature of the water used was 1° to 3° C. (33° to 36° F.). 
The additional water rendered the mixture less viscous, and the low temperature 
lengthened the time for gelation. 


REVERSIBLE AND IRREVERSIBLE IMPRESSION MATERIALS 

The results obtained with the various materials under the experimental con- 
ditions outlined are presented in Table III. Each datum is the average of the 
measurements obtained on five impressions in each instance. The standard devia- 
tion of the data is of the order of + 0.5 per cent. 

When the data were tested statistically (analysis of variance), the differences 
between the various materials were found to be quantitatively significant, but it 
is doubtful that they are of clinical significance. The impression obtained with 
the alginate materials are definitely more accurate than those obtained with the 
agar materials. 

As might be expected from the general considerations involved, the distances 
in the vicinity of the undercuts (AB, BC, DE, EF) were most affected by the 
removal of the impression. There can be no doubt of the fact that the removal 
of the gel over an undercut induces stresses and causes a distortion in the vicinity 
of the undercut. In the case of materials R-1, R-2, R-3, and I-1, the error involved 
in the area around distance DE appears to be somewhat greater than the other 
errors involved. This condition may possibly be attributed to the fact that the 
gingival step at the marker D was 2 mm. lower than any of the similar steps. 

The results obtained during the subsequent intervals are not presented, since 
they were similar to those of Hoblit." Changes in dimension up to ten minutes 
after the impressions were removed were not of practical importance. 


TABLE III. PERCENTAGE DIFFERENCES BETWEEN MODEL AND IMPRESSION MEASUREMENTS 











DISTANCES 

MATERIAL | | 
NO. | AB | BC | CD | DE EF 
(%) | (%) | (%) | (%) | %) 

pe ee an ee [ene eee ——— — Ee se net [oes = 

| 
R-1 203 | =e | *e4 | -39 
R-2 +18 | -08 —0.2 4335 | =$.6 
R-3 41.3 | —0.7 —0.1 +2.7 | 1.5 
I-1 41.7 | —2.1 +0.2 7 | «=e 
1-2 —0.9 +1.2 +0.2 —-0.7 | +40.2 
i-3 +0.8 +0.8 —0.4 +1.2 —~§.2 
1-4 —0.5 +0.8 +0.1 } 0.2 —0.1 
I-5 ~0.8 +0.9 +0.1 —0.2 -0.3 
1-6 —0.4 +0.7 +0.1 +0.4 —~0.6 





MODIFICATIONS OF THE TECHNIQUE 
In order to determine whether or not certain common differences in technique 
might affect the accuracy of an alginate impression, the effect of certain modifica- 
tions in the technique was determined. The methods of measurement were the 
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same as previously outlined. The modifications used and the errors observed are 
presented in Table IV. 

According to the results in Table IV, the errors incorporated were considerable 
when the impression was dried with an air blast (Item 1) in comparison to the 
conditions obtained with the standard technique (Item 9) as previously described. 

A considerable error also occurred when the model surface was dried thoroughly 
before the alginate impression was obtained (Item 2, Table IV). This finding 
may be of clinical importance. It was our experience that the adhesion of an 
alginate gel to a dry surface was generally greater than that of an agar gel. Much 
less adhesion occurs when the surface to be impressed is wet. Further research 
is indicated in this connection. 

When the amount of water employed in mixing the alginate was reduced 
by 6 c.c. (to the amount prescribed by the manufacturer), no significant change 
in accuracy was noted (cf. Item 3 and Item 9, Table IV). 

When room temperature water was employed, the error in dimension was 
definitely increased. The probable reason for this increase in distortion is related 
to the shorter setting time which resulted because of the increase in temperature. 
There was insufficient time for a proper manipulation of the material. 

The use of cold water for the retardation of the setting time offers certain 
disadvantages: (1) The low temperature causes discomfort to the patient. (2) 
The continued maintenance of low temperature during the entire operation is 
difficult. (3) Different trade brands of alginate materials respond in different 
amounts of retardation at low temperatures. 

The most satisfactory method of retardation is by chemical means, as indicated 
by the relatively small errors incurred in connection with Items 5, 6, and 7 
(Table IV). 

For some reason, the use of a plastic tray specially prepared did not increase 
the accuracy (Item 8). 


TABLE IV. Errect or MopIFICATIONS IN TECHNIQUE (MATERIAL I-5 USED THROUGHOUT) 














| DISTANCE 
| 
ITEM| MODIFICATION* | 
NO. | AB BC cD DE EF 
(%) (%) (%) (%) (%) 
1 | Impression dried with air blast —2.6 —2.4 0.0 +3.0 —2.7 
2 | Model dried thoroughly —1.0 +1.2 +0.1 —0.3 +0.4 
3 | Amount of water reduced —0.8 +0.6 +0.1 0.0 —0.4 
4 | Room temperature water used +1.6 —1.6 0.0 +2.2 —2.0 
5 | Retarder added (0.2 Gm.) —0.6 +0.3 +0.1 +0.1 —0.5 
6 | Retarder added (0.3 Gm.) —0.2 —0.1 +0.1 0.0 —0.7 
7 | Retarder added (0.4 Gm.) —0.3 —0.4 +0.1 +0.4 —0.5 
8 | Retarder added (0.2 Gm.) 
Plastic tray employed +1.4 —2.2 +0.1 +2.2 —2.3 
9 | No modification —0.8 +0.9 +0.1 —0.2 —0.3 























*Standard technique used except as noted. 
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A RECOMMENDED TECHNIQUE 


Probably the most serious fault of the modern alginate impression material, so 
far as its use in the Sears’ technique is concerned, is its comparatively short setting 
time. After the material is inserted in a prepared cavity at mouth temperature, 
it either sets or starts to set so rapidly that there is insufficient time to seat a filled 
tray while the material in the tooth is still in the original sol condition. Conse- 
quently a poor union is obtained between the material in the tray and that in the 
tooth. The result is a distorted impression. The addition of a chemical retarder 
can be effected successfully only by the manufacturer, and up to the present time 
no manufacturer has produced a sufficiently slow setting alginate. 

Even though ice water is employed during mixing, the set can be delayed only 
to the extent that an impression of not more than two or three multiple cavities can 
be obtained successfully at one time. 

Within these limitations, there is reason to believe that satisfactory impressions 
of prepared cavities can be obtained with alginate materials with the proper tech- 
nique. The following suggestions are offered for the proper selection and handling 
of the material in consideration of the alginate materials available: 

1. Select a material which possesses the proper soiution viscosity without 
the addition of water beyond that specified by the manufacturer. Furthermore, 
the material should exhibit a gelation time of six to eight minutes at room tempera- 
ture when ice water is employed for mixing.* 

2. The mixing bowl, spatula, and syringe should be cooled in the refrigerator 
before use so that the ice water to be used in mixing will not be warmed by the 
utensils. If the alginate powder is contained in individual units, it also may be 
advantageously kept in the refrigerator. However, if a bulk alginate is used, 
it should not be refrigerated, since water will likely condense in the powder when 
the cover is removed at room temperature, and the product will be ruined. 

3. The directions of the manufacturer should be followed carefully, aside from 
the changes in procedure indicated above. 

4. Once the material has been mixed, speed is paramount in subsequent manip- 
ulation. The tray should be filled first. Then the prepared cavities should be in- 
jected as rapidly as possible. The filled tray should then be placed in position 
immediately, before the alginate material already in the tooth reacts to such an 
extent that it will not blend and unite with the tray material. 

Aside from the above precautions, the impression technique is essentially the 
same as that recommended with the agar materials.* 


SUMMARY AND CONCLUSIONS 


Experimental data have been presented in connection with the accuracy of 
alginate hydrocolloid impressions for crown and bridge technique. The following 
ideas and conclusions can be summarized, based on the data presented : 

1. The accuracy of the impressions with the alginate impression materials 
was slighly better than that obtained with the agar materials. 


*The gelation time may be determined as the time from the start of mixing until the 
surface of the material does not feel sticky when it is touched with a dry, clean finger. 
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2. Excessive drying of the surface of an alginate impression may result in 
a warpage. 

3. The areas in an impression around undercuts are more distorted than 
smooth areas. 

4. If the stone is poured to form the cast within twelve minutes after the 
impression is obtained, any changes in dimension of the impression are generally 
negligible. 

5. The principal objection to the use of alginate impression materials for 
indirect restorative procedures is that the gelation time of existing products is 
too short. The gelation time of an alginate impression can be retarded chemically 
with better results than if the retardation is effected by the use of cold water for 
mixing. However, the chemical retardation should be effected by the manufacturer, 
and not by the dentist. 

6. At the present time, alginate impression materials should probably not 
be used for impressions involving more than two prepared cavities. 

7. A recommended technique for obtaining impressions with alginate impres- 
sion material was presented. 
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RATIONALE OF DESIGN OF MANDIBULAR IMPLANTS 


Joun P. Knowtrton, D.D.S. 


Seattle, Wash. 


ANDIBULAR IMPLANT DENTURES have undergone considerable 
M changes in technique and design'* due to data accumulated from the experi- 
ence and research of those dentists engaged in this comparatively new field. Those 
conditions pertinent to the design of the mandibular implant casting and its super- 
structure will be discussed in this article. It is the dentist’s responsibility to design 
the implant restoration. This responsibility should not be relegated to the laboratory 
which fabricates the casting. Only the dentist knows the mechanical and physiologic 
possibilities the mandible offers, and how best to utilize them. To aid in outlining 
a rationale of design for any implant casting, the primary architecture of the 
mandible should be studied. 

The body of the mandible is “U’’-shaped, and it is wider posteriorly. This 
bone is trabeculated within, and its exterior surface is made up of cortical bone. 
However, there are variations in the thickness of cortical bone in different areas 
of the mandible.“ Also, regions of dense bone will thicken in direct relationship 
to strenuous function. The amount of cancellous bone in the mandible increases as 
the width of this bone increases posteriorly. Trabeculae are arranged in size and 
position to meet the heavy demands for support of the molar teeth, as well as for 
the transmission of masticatory pressures. Since this masticatory stress determines 
the structural character of the alveolar process, we can see why this process exists 
only as long as there are teeth present and in use. Once loss of teeth occurs, with 
subsequent loss of function, the alveolar process loses its usefulness and is resorbed.“ 

Most implant dentures are constructed for people in the older age groups. 
These elder patients have varying degrees of atrophy of their mandibles. Hypo- 
ostosis in mandibles is found commonly, but often conditions which can range from 
mandibular nerve exposure to a complete loss of the alveolar process are noted. 
When the alveolar process has been lost, only slight changes occur in the remain- 
ing body of the mandible, except in the presence of systemic conditions.”” These 
systemic conditions must be checked and brought under control prior to com- 
mencing any implant work.’ 


PRESSURES 


In the natural dentition, the biting stresses are carried from the tooth, through 
the periodontal membrane, to the alveolar bone. With implants, these forces are 
conveyed from the denture portion of the superstructure, through the periosteum 
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covering the casting, to the bone. Therefore, patients with implant dentures have 
no pressure directed through the mucosa to the bone. The masticatory stresses are 
transmitted directly to the bone, and this makes possible the exertion of con- 
siderably more biting pressure than if the restorations were supported upon the 
mucous membrane. 

It was found that a patient with both upper and lower implant dentures in- 
creased her vertical biting force seven times over that which she could apply with 
Since the time of this report, we have measured 


8 


her soft-tissue-borne dentures. 
the forces similarly exerted by four other patients, each of whom is wearing implant 
dentures. Figs. 1, 2, 3, and 4 show that these patients also exerted considerably 
more biting pressure with their implant dentures than was registered with their 
soft-tissue-borne dentures. Reflecting upon this increase of masticatory pressures, 
we can respect the attempts to distribute these loads properly. 


Tissue-borne Upper Implant vs Lower Upper and Lower 
Dentures. Tissue-borne Denture. Implant Dentures. 


Hearu=zacow 





DATES 


11-18-52 
11-25-52 
12-2-52 
12-8-52 
1-5-53 
3-2-53 
3-6-53 
3-13-53 
7-15-53 
7-18-53 
8-1-53 
8-10-53 
8-21-53 
9-3=53 
9-10-53 
9-20-53 
9-25-53 
9-28-53 


Fig. 1.—Closing pressures exerted by a white woman, aged 60, height 5 feet 1 inch, weight 
110 pounds. The bone of the maxillary and mandibular ridges was hypo-ostotic. The vertical 
dimension, measured from the base of the nose to the chin, was maintained at a constant 83 
mm. for all registrations. The upper implant casting was inserted 12-15-52. The lower implant 
casting was inserted 6-27-53. 


Because of this increase in the possible biting pressures, and because cortical 
bone can withstand the stress involved, the relative thickness of the cortical bone 
in different areas should be considered in the design for an implant casting. 


WOLFF’S LAW 


The laws postulated by Wolff, and later proved by Koch,’ are as applicable 
to the maxillae and mandible as they are to the femur. Briefly stated, they are: 
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Tissue-borne Upper Tissue-borne 
Dentures. Denture vs Lower Implant. 
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Fig. 2.—Closing pressures exerted by a white woman, aged 70, height 5 feet 2 inches, 
weight 132 pounds. The bone of the mandibular ridge was hypo-ostotic. The vertical dimension, 
measured from the base of the nose to the chin, was maintained at a constant 120 mm. for all 
registrations. The lower implant casting was inserted 9-2-53. 


Tissue-borne Upper and Lower 
Dentures. Implent Dentures. 
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2-13-54 
3-1-54 
323-54 
3-25-54 
11-30-54 
12-5-54 
12635-54 
1-3-55 
1-15-55 
1-25-55 
1-29-55 
2-15-55 


Fig. 3.—Closing pressures exerted by a white woman, aged 58, height 5 feet 2 inches, 
weight 119 pounds. The bone of the maxillary and mandibular ridges was hyperostotic. The 
vertical dimension, measured from the base of the nose to the chin, was maintained at a 
constant 116 mm. for all registrations. The lower implant casting was inserted 5-1-54. The 
upper implant casting was inserted 11-20-54. 
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“1. The inner structure and external form of human bone are closely 
adapted to the mechanical conditions existing at every point in the 
bone. 
“2. The inner architecture of normal bone is determined by definite and 
exact requirements of mathematical and mechanical laws to produce 
a maximum of strength with a minimum of material.” 


According to Moses,” “Heavier pressures are beneficial if they are applied 
so that the load is distributed on more bone surface . . .” The trabeculae rearrange 
themselves along patterns that are more capable of resisting greater load, direction, 
and intensity of force.” 


Tissue-borne Upper and Lower 
Dentures. Implant Dentures. 
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Fig. 4.—Closing pressures exerted by a white woman, aged 58, height 5 feet 3 inches, 
weight 121 pounds. The bone of the maxillary and mandibular ridges was hypo-ostotic. The 
vertical dimension, measured from the base of the nose to the chin, was maintained at a 
constant 120 mm. for all registrations. The lower implant casting was inserted 8-18-54. The 
upper implant casting was inserted 10-23-54. 


COLUMNS 


Present on the maxillae and mandible are columns, arches, and buttresses 
which resist and distribute stresses during mastication.” The mandible has columns 
of two types: the vertical, and the long body columns. There are three pairs of 
vertical columns and one column at the symphysis: 


1. The canine columns originate from the lower margin of the mandible and 
are directed parallel to and at the position of the canine tooth (Fig. 5, N-K.) 

2. The coronoid columns originate in the body of the mandible and extend 
upward to the coronoid process (Fig. 5, P-Q-O). 
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3. The condyloid columns originate in the body of the mandible, parallel to 
the coronoid columns, and terminate in the condyloid process. The condyloid 


columns will not be discussed in this article (Fig. 5, J-L) 
g. 5, R-S). 


4. The mental column is located at the symphysis (Fi 


R-S, the mental column, N-K, the 


Fig. 5—A mandible showing the vertical columns: 
the coronoid column, J-L, the condyloid column, and the horizontal 


canine column, P-Q-O, 
column N-Q (the external oblique ridge). 








Fig. 6—A mandible showing the horizontal column T-U (the internal oblique ridge). 


There are two pairs of long body columns: 
1. The external oblique line (Fig. 5, Q-N ). 
2. The internal oblique line (Fig. 6, T-U ). 

These columns are areas which resist and distribute stress. The implant 
casting should be designed to make full use of this typical architectural structure 


of the mandible. 
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EXTENSION 


In order to embrace the columns, the lower implant casting should be extended 
up the anterior border of the ramus so as to take advantage of part of the coronoid 
columns. Buccally, the external oblique ridges should be covered, and the labial 
surface of the casting should be extended to include the column at the mental 
symphysis (Fig. 5, R-S). The canine columns should be utilized for the reception 
of the anterior abutments of the casting. The casting should be placed buccal to 
the internal oblique columns on the superior surface of the body of the mandible. 
Thus, a downward as well as medial stress-resistive area is developed (Fig. 7). 
By placing the casting in this relation to the mylohyoid ridge, overextension is 
avoided,” and the metal is prevented from working through the thin movable tissue 
covering the mylohyoid ridges as it could if the metal is carried over the internal 
oblique ridge. Anteriorly the lingual portion of the casting may extend down 
on either side of the genial tubercles. 





Fig. 7—A pren ‘v designed implant casting. 


DESIGN 


The casting should be designed to be so rigid that, when it is under masticatory 
loads, it will react as a unit.” Struts and bars should be placed at strategic angles 
and in specific directions in order to resist the forces applied in lateral and incisive 
movements. If additional bars are used, they should be as nearly parallel as pos- 
sible to the peripheral bars. These bars would be indicated if more use -of the 
resistive collagenous fibers which bind the casting to the osseous structure was 
to be made. 

The periodontal membrane around a tooth has a high resistance to compres- 
sive forces,” and, since the periosteum has the same histologic properties,” it 


14-16 
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also is capable of resisting great stress. The rationale of the use of bars and struts 
(sometimes called an open framework casting) as opposed to the use of the solid 
casting” is twofold: (1) The open framework provides more surface area for 
the encapsulation of the metal by the periosteum, thereby allowing more periosteal 
fibers to be utilized which in turn resist lateral forces. (2) The open framework 
allows better circulation to the mucous membrane located over the metal. 


ABUTMENTS 


The proper location of the abutments is an essential part in the design of the 
implant. These abutments should not be placed in movable tissue. The action of 
movable tissue will interfere with the initial healing. Also, a condition similar to 
pericoronitis can result if the posterior abutments are situated either too far 
buccally or too far distally. 





Fig. 8.—A properly designed superstructure casting. 


The posterior abutments on the lower implant casting should be positioned 
slightly anterior to the “key ridge” of the maxillary arch in order to achieve better 
stress distribution. To make use of the canine columns, the anterior abutments 
should be placed in the space formerly occupied by the natural cuspids. The areas 
to be selected as sites of the abutments can be determined readily by employing 
Bodine’s technique.’ 


The correct height and location of the abutments is determined by a maxillo- 
mandibular relation record made on occlusion rims adapted to the exposed bone. 
The teeth are set up on the occlusion rims for a try-in. Then the mucoperiosteum 
is reflected to expose the several columns of the mandible. The upper wax trial 
denture is inserted, and soft wax is molded to the impression side of the lower wax 
trial denture. The lower trial denture is inserted on the exposed osseous structure, 
and the patient is instructed to close in centric position. The soft wax on the lower 
trial denture is chilled and removed from the mouth. This record is placed on the 
cast of the osseous structure, and this cast is mounted on the articulator. 
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SUPERSTRUCTURE 


The superstructure is made in two parts: (1) the metal skeleton and (2) the 
denture proper. The denture part is processed around the metal skeleton. The 
metal skeleton is precision-made with four caps to fit over the abutments to pro- 
vide frictional retention. The telescope caps are joined together by a continuous 
metal bar. 

The design of the superstructure should be planned to prevent, in so far as is 
possible, any deformation of the denture base during function.”* To accomplish 
this, the skeleton is provided with three bars arranged in a triangular cross-section 
effect (Fig. 8). This kind of bar aids in reducing the deformation of the denture 
base by reinforcing it, with the result that the restoration acts as a unit. 


SUMMARY 


1. The designing of implants is the task of the dentist and not that of the 
laboratory which fabricates the casting. The dentist has the knowledge and back- 
ground in anatomy, physiology, and mechanics, all of which are required to 
determine the correct design of the casting and superstructure. 

2. Since it is usually patients in the older age group who seek implant res- 
torations, it is our duty to find adequate solutions to their denture problems, 
and to keep these patients in good bodily health as well. 

3. It was demonstrated that implant dentures can increase the masticatory 
pressures exerted by patients. 

4. The appropriate distribution of masticatory pressure loads should be fully 
comprehended and considered seriously before the design of any implant casting 
is determined. 

5. The factors involved in the distribution of masticatory stress loads are: 
utilization of the mandibular columns, the proper extension of the casting, and 
provision for retention of the casting by periosteal fibers. 

6. An open framework casting, i.e., one fabricated with struts and bars, is 
more ideal than a solid casting because it is more kind to the bone which supports 
it, and to the mucosa which covers it. 
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THE PROSTHODONTIST VIEWS THE REHABILITATION OF 
THE CLEFT-PALATE PATIENT 


JosEpH S. Lanpa, D.D.S.* 


New York University, College of Dentistry, New York, N.Y. 


HE PURPOSE OF THIS article is to demonstrate (1) that the rehabilita- 

tion of the cleft-palate patient is much more than a mechanistic problem of re- 
placing missing anatomic structures with an artificial substitute; (2) that the 
cleft-palate patient represents a complex of psycho-bio-socio-economic problems 
engendered by his deformity; (3) that, therefore, the total personality of the pa- 
tient, his individual physical and emotional needs, and his eventual social read- - 
justment must be given utmost consideration in planning treatment; and (4) that 
for successful treatment of this deformity, it is essential for the dentist to com- 
mand a thorough knowledge of the biologic factors—the morphology, anatomy, and 
physiology of the oro-naso-laryngo-pharyngeal structures. 


PREVAILING CONCEPTS OF ORO-PHARYNGEAL PHYSIOLOGY 


Two major prevailing concepts of the status of the hard and soft palates in their 
relation to the adjacent and associated oro-naso-laryngo-pharyngeal structures pro- 
vide the basis for the various techniques of obturator construction. They are: 

I. The Static Concept.—The static, i.e., the topographic and morphologic ap- 
proach to the study of the cleft-palate deformities, seeks to determine the static 
spatial relationships of the hard and soft palates. This therapeutic approach 
is guided by: (1) observation of the cadaver, (2) clinical examination, with the 
mouth partially open in a passive, relatively nonfunctioning state, and (3) repeti- 
tion in dental periodicals of misconceptions concerning the spatial relationships of 
the soft palate during physiologic function. 


II. The Dynamic Concept.—In the dynamic or functional approach to ther- 
apy, the functional behavior of the soft palate is observed and studied, as in recent 
years by: (1) direct and cinegraphic observation through surgical and traumatic 
orifices in and about the head and neck region, and (2) cinefluorographic ob- 
servation of normal palates during normal! physiologic activity. 


CINEFLUOROGRAPHY IN CLEFT-PALATE DIAGNOSIS 


In recent years, the study of the physiology of the oro-naso-laryngo-pharyngeal 
structures has been advanced greatly by means of cinefluorography. Some for- 
merly accepted concepts of the function of the soft palate have been invalidated 
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by cinefluorographic disclosures. For example, it was considered almost axiomatic 
that, for separation of the oropharynx from the nasopharynx, the soft palate is 
to effect contact with the posterior wall of the pharynx in the region of Passavant’s 
pad. It is now well known that this contact is effected at a much higher level. 
This, in turn, re-orients the surgeon’s and prosthodontist’s thinking in their re- 
spective approaches to cleft-palate rehabilitation. Likewise, the former concept 
of the positional relationship and the interdependence and interplay between the 
epiglottis and larynx during the process of deglutition has been radically revised. 
The epiglottis is no longer held to be a sloping lid over which the food glides into 
the pharynx in the process of deglutition. Rather the contraction of the supra- 
hyoid muscles in interplay with other muscles raises the larynx and places its 
opening under the shelter of the root of the tongue. This is of great practical 
significance in the study of the pathologic physiology of oro-naso-laryngo-pharyn- 
geal structures of the cleft-palate patient, as he develops pathologic patterns of 
tongue movements and tongue placements in order to compensate for his de- 
formed palate. 
STRUCTURE AND FUNCTION 


An essential step in the scientific approach to a cleft-palate patient is the 
correlation of structure and function of the oro-naso-laryngo-pharyngeal system. 
Concomitantly with the impairment of these structures, the functions of mastica- 
tion, speech production, deglutition, and respiration deteriorate. 

This should be obvious from the interrelationship and the continuous inter- 
play of these structures in health and in disease. Let us, for example, trace the 
interrelationship of the muscles attached to the symphysis of the mandible in 
front and the constrictors of the pharynx posteriorly. The superior constrictor 
arises from: (1) the lower half of the posterior margin of the internal pterygoid 
plate and its hamular process, (2) the contiguous portion of the palatine bone and 
the reflected tendon of the tensor palati muscle, (3) the pterygomandibular raphe, 
(4) the posterior extremity of the mylohyoid ridge, and (5) the side of the tongue, 
by a few fibers. 

From these points, the fibers curve backward to be inserted into the median 
raphe, being prolonged by means of a fibrous aponeurosis to the pharyngeal spine 
on the basilar process of the occipital bone. On the other hand, the buccinator 
muscle is also attached posteriorly to the pterygomandibular raphe. It is here 
that the buccinator and superior constrictor meet and become interdependent. 
The buccinator muscles, in turn, run forward to the corners of the mouth, whence 
some of their upper fibers descend into the lower lip and some of their lower 
fibers ascend to the upper lip, and the fibers of the right and left sides meet at the 


midline. 
The middle constrictor arises from the greater and smaller cornua of the 


hyoid bone and is inserted into the posterior median fibrous raphe. The inferior 
constrictor arises from the side of the cricoid cartilage of the larynx and is also 
inserted into the median fibrous raphe of the posterior wall of the pharynx. 
The genioglossus and geniohyoid muscles attach, respectively, to the upper 
and lower genial tubercles on the inner surface of the mandible opposite the 
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symphysis. Thus, the symphysis of the mandible, the genial tubercles, the tongue, 
palate, larynx, and pharynx are interdependent and interrelated by a network of 
muscles that connect them. 

It should thus be quite patent that, in planning to restore an extensive cleft- 
palate deformity by means of an obturator, the problem is not a merely mechan- 
istic procedure of stopping up a hole in the palate. Somatically, it is a complex 
biologic problem of preserving the integrity and utilizing to best advantage the 
physiologic potentialities of the structures and organs that are adjacent to, and 
associated with, the artificial appliance. 

Failure to heed basic biologic principles can frequently result in a restoration 
that may be more detrimental than useful to the patient. The cleft in the palate 
may become larger because of irritation and trauma due to the improperly fitted 
artificial restoration. It may also impede speech production by interfering with 
the proper function of the adjacent structures. 


THE DENTISTS AND SPEECH 


In the case of a cleft involving most of the hard and soft palate, a 
careful digital and visual examination of the extent of the deformity should be 
supplemented by thorough roentgenography, and a detailed history of the patient’s 
past and present life. A recording of the patient’s speech will serve as an addi- 
tional diagnostic check on the severity of the handicap, as well as a criterion for 
evaluating improvement in speech production as treatment progresses. 

Restoration of intelligible speech is probably the greatest service to be rendered 
to the cleft-palate patient. The dentist is the logical man for this task, since the oro- 
naso-laryngo-pharyngeal structures controlling phonetics and speech production 
constitute the area in which he executes his cleft-palate restorative procedures. The 
dentist has the optimum opportunity to investigate and study the physiology of 
speech production in patients with natural or artificial dentures as well as in edentu- 
lous patients. 

The extraction of individual teeth affords the opportunity to observe the 
effect of their loss upon speech production. The dentist is also in a position 
to learn what effect malrelation of the dental arches and malposition of the teeth 
have upon speech production in patients afflicted by these occlusal anomalies. 
He can also enrich his knowledge in the field of speech production by experimenta- 
tion with artificial dentures. He can constrict the dental arches by setting the 
teeth in an excessively lingual position, he may widen the arches excessively by 
setting the teeth off the ridge buccally. In each of these instances, he studies the 
effect on the patient’s phonetics. The same line of experimentation may be con- 
ducted with excessive and insufficient facial vertical dimensions; also with thick 
and thin denture bases and with the relation of the tongue to those areas. Of all 
the health-service professions, dentistry, by virtue of its specialization in the oral 
cavity, has the golden opportunity for research and investigation in speech pro- 
duction. If, in preparation for this opportunity, the dental curriculum included 
a brief but intensive course in speech production, the dental profession would 
make tremendous strides in this field. 











J. Pros. Den. 
424 LANDA May, 1956 


THE PROSTHODONTIST’S RESPONSIBILITY 


A development causing concern to some colleagues working in cleft-palate 
rehabilitation is the excessive departmentalization and specialization of the treat- 
ment that has taken place in this particular service. The several disciplines which 
participate collectively in the treatment of the cleft-palate patient have their respec- 
tive individual requirements for the obturator. The speech specialist frequently 
insists upon a degree of speech improvement, in both resonance and articulation, 
that is beyond the patient’s adaptive capacity. The surgeon may present a number 
of requests which, while perfectly reasonable from his viewpoint, seem impractical 
from the prosthodontist’s viewpoint. The pediatrician requests adequate masti- 
catory function for satisfactory nutrition. The psychologic and social services re- 
quire psychologic and emotional support which the cosmetic and related features 
of the obturator may contribute. Each of these disciplines rightfully makes critical 
demands upon the obturator, and pressure is brought to bear upon the prostho- 
dontist to consider and satisfy them. It is the prosthodontist’s function to serve 
as the arbitrator between these frequently conflicting requests in order to assure 
the best interests of the patient as an integral person. 

It would be very erroneous to read into this article any implication of even 
the slightest opposition to complete cooperation between the prosthodontist and 
surgeon, pediatrician, speech training specialist, orthodontist, or periodontist. The 
more cooperation and consultation between these various disciplines, the better 
for the interests of the patients. However, in those instances of cleft-palate re- 
habilitation that diagnostically belong to and are treated by the prosthodontist, 
the latter should assume complete responsibility for failure or success. 

In order to be in a position to assume such responsibility on a high level, 
the prosthodontist must be highly trained in all biologic disciplines directly or 
indirectly related to cleft-palate restorative procedures. Technologic perfection 
in this field is very important. Of still greater moment, however, are a thorough 
understanding and appreciation of the vital processes that are going on in the 
living tissues on which the prosthodontist works. It is of little consequence whether 
one uses hydrocolloid, alginate, or plaster of Paris as an impression medium for 
the construction of obturators. It is of far greater importance to understand the 
etiology of the cleft, and the extent of the deformity to be corrected, as well as 
the subsequent biologic reaction of the adjacent structures to the artificial substi- 
tute. It is of far greater significance to determine properly the area of greatest 
pharyngeal constriction, so that we may not interfere with the physiology of the 
adjacent structures, when they are to embrace the bulb, in order to effect separa- 
tion of the oropharynx from the nasopharynx. It is of far greater significance to 
determine properly the vaulting, ie., the shape, size, form, and depth of the 
palatal vaults, so as not to interfere with the physiologic movements of the tongue 
and the resonance of the voice through either too deep or too shallow vaulting. It 
is of far greater significance to appreciate the role played by biologic factors such 
as general health, age, and the emotional status of the patient in his capacity and 
limitations to adapt himself to the artificial substitute. 

All of which is tantamount to saying that it is essential for the prosthodontist 
not to regard himself as a technician only, but as a doctor of dental medicine. 
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TRIPLE NATURE OF CLEFT-PALATE THERAPY 


We must, however, not lose sight of the fact that complete rehabilitation 
of the cleft-palate patient requires three distinct approaches to treatment: mechan- 
ical, biologic, and psychologic. It is true that, as the treatment progresses, they 
overlap each other and become interdependent. The operator, nevertheless, should 
have a clear mental picture of the relative significance of each phase of these cura- 
tive procedures and their reciprocity. Thus, the mechanical appliance supplies 
the missing palatal structure and may erroneously be considered as a strictly me- 
chanical repair. However, by supplying the artificial substitute for the missing 
palatal structure we stimulate the pharyngeal structures to resume their contractile 
activity, thereby recreating naso-pharyngeal physiology. In this way, the mechan- 
ical appliance participates also in a biologic function, and thus plays a biologic role. 


This is not all. The same mechanical appliance also plays a psychologic 
role by restoring pleasurable experience to the patient in mastication and speech 
production. This may be considered psychotherapy resulting from physical treat- 
ment. In turn, properly administered psychotherapy will improve the patient’s 
physical condition. It is, therefore, readily apparent that the biologic and psycho- 
logic treatment cannot be consicered as distinct and separate procedures. Good 
therapy is based on their proper combination and interaction. It is obvious that 
the therapeutic procedure involved in cleft-palate rehabilitation is three dimensional 
in nature, psycho-bio-mechanical. 


PSYCHOLOGIC ASPECTS OF CLEFT-PALATE THERAPY 


Reference to the psychologic aspect of cleft-palate treatment is really ap- 
proaching the very heart of the problem. A cleft-palate patient suffers from 
several severe handicaps. His breathing is interfered with; liquid food escapes 
through the nostrils; he has difficulty in swallowing; even his hearing is partially 
affected. His greatest distress, however, is caused by his inability to talk intel- 
ligibly to people about him. He is often deprived of the opportunity of earning 
a livelihood ; he has difficulty in cultivating and maintaining friendships; frequently 
his sense of human dignity and self-respect are at a low ebb, and he is always 
possessed with the thought and the fear of how others will react to him, what 
they will think of him. Always on guard and suspicious of what humiliation is 
next in store for him, he develops a vigilance neurosis. 

It is clear that a patient of this type is badly in need of both physical and 
psychologic treatment. His condition can be understood in the light of what is 
known of the neuroendocrine system from experimental studies on animals under 
stresses. Pavlov’s theory of reflexology is paralleled by our modern concepts 
of psychosomatic phenomena in health and disease. 


The psychosomatic school also has followed the studies of Cannon closely 
on the emergency theory with its emphasis on the functions of the autonomic 
nervous system. His work is concerned primarily with the clarification of the 
mechanisms that maintain the homeostasis constant in the face of external and 
internal stresses. The fight or flight pattern is his classical example of the inter- 
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relationship between stresses and the maintenance of homeostasis. These physi- 
ologic processes are also very instructive and helpful for a better understanding 
and interpretation of certain psychosomatic problems. Selye’s* researches also 
have contributed greatly to our knowledge of the effect of stresses upon the physi- 
ology of the organism. His extensive and intensive investigations of the alarm 
reaction, and the general adaptation syndrome with its emphasis on the pituitary- 
adrenal axis also harmonize with similar but independent findings in psychosomatic 
medicine. 

Psychophysiology and psychopathology shed badly needed light upon the 
psychologic stresses in the behavior of many patients afflicted by the cleft-palate 
syndrome. We are inevitably led to conclude that the cleft-palate patient is not 
troubled merely by difficulty in mastication and deglutition or inability to speak 
properly. He must rather be regarded as an individual afflicted by all of these 
syndromes, plus a totally warped personality. Certain features of his pathology, 
as patterns of tongue movements, are conditioned reflexes to compensate for his 
deformity. Rehabilitation of his total personality is, therefore, the aim to be held 
in view. The most skillfully constructed obturator will fall short of its objective 
unless it is associated with properly directed psychotherapy. The patient must 
be deconditioned from warped patterns of behavior and reconditioned into a healthy 
personality. Only through such treatment can he ever regain his human dignity, 
and become a respected and self-respecting member of his community. 

While the physical and psychologic therapies required by the cleft-palate 
patient are synergistic, the intelligent dentist will not assume the psychiatrist’s 
role (a very dangerous procedure in the hands of the dentist) in their adminis- 
tration. He should rather help the patient win self-assurance by manifesting 
respect for his total personality, and by extending to him the warmth of solidarity 
with a fellow man. The patient’s confidence, thus won and maintained, will make 
it possible for the dentist, by common-sense psychologic means, to restore the 
disturbed emotional equilibrium of the patient. By common-sense psychotherapy 
is meant the kind that an intelligent and highly tactful person would utilize in 
consoling a despondent friend or in calming a panicky individual, based on the 
instinctive knowledge that the despondent, confused, and panicky individual is 
in need of the emotional support that can be given by someone enjoying the status 
of security and stability. In the proper doctor-patient rapport, the former pro- 
vides such support for his sorely tried patient. 


NO SUBSTITUTE FOR EXPERT DENTISTRY 


It cannot be overemphasized at this point that no amount of psychologic 
support can compensate for a poorly fitting obturator. Cleft-palate miseries can- 
not be dissipated by words or a sympathetic attitude. The dentist should bear in 
mind the fact that the best-fitting appliance is not good enough for this type of 
patient. There is no substitute for the most expert diagnosis and treatment of 
which the profession and its practitioners are capable. 

This also means that the cleft-palate prosthetist is to be ultraconservative in 
retaining all the teeth and even some broken-down roots of teeth as long as they 
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are not a liability to the patient’s health. The retention and stability of the 
obturator—factors of great service to the patient—derive from the proper utiliza- 
tion of the remaining natural teeth. Upon retention and stability depends the 
security in mastication and speech production that he needs so badly. In planning 
cleft-palate appliances, the dentist should avail himself of the basic scientific 
principles underlying our present-day thinking in partial denture prosthesis—the 
principle of judiciously splinting teeth, and the principle of combining fixed and 
removable partial dentures in the same jaw. This will assure the greatest amount 
of resistance to all forms of stresses to which these teeth may be subjected during 
the function of the cleft-palate appliance. 

By combining scientific diagnosis and proper treatment planning with the 
finest mechanical precision, and employing properly directed common-sense psycho- 
therapy, the dentist may fully discharge his responsibility to his cleft-palate pa- 
tient. It has been my experience that cleft-palate patients are highly cooperative 
and grateful for anything done for them. They certainly deserve everything in 
our power to help them. 

In treating cleft-palate patients our concern for their biologic and psychologic . 
wholesomeness should match our effort toward mechanical perfection in the appli- 
ances we construct for them. The malocclusion of personality should disturb 
us no less than the malocclusion of the teeth; the cleft personality of our patient 
should be our concern as much as his cleft palate. 


136 East 54TH St. 
New York, N. Y. 











Book Review 








PRACTICAL ORTHODONTICS, Revised by George M. Anderson, D.D.S. Eighth Edition, 
702 Pages with 719 illustrations. Indexed. St. Louis, 1955, The C. V. Mosby Company. 
Price $17.50. 


The primary thought of the author in revising this textbook was to be practical, in keeping 
with the title of this book. In doing so, the author has been able to achieve a text that is 
quite readable and thus allows the reader to learn without the usual distraction of long and 
involved scientific descriptions found in some of our textbooks today. 

As in most revisions of textbooks, new material has been inserted, and older, long-existing, 
time-tested data has been eliminated. The material by Pruzansky (p. 126) on the effect of 
muscles active in the molding of the alveolar arches in cleft lip and palate cases was extremely 
timely. This field has drawn an unusual amount of attention from all specialties in dentistry— 
especially those of orthodontics and prosthodontics. 

In Chapter 10, the subject of preventive, interceptive, or prophylactic orthodontics is ap- 
proached. This entirely new concept is being taught at some of the dental schools and is 
well adapted to a general practice. 

An entirely new chapter entitled “Practice Management” has been included—again, an 
aid to the profession which has long overlooked good sound business principles in our efforts 
to learn more and better techniques in dentistry. 

The chapter on “Differential Diagnosis” in the seventh edition was omitted, but the 
more important material was included in the chapter on “Diagnosis,” where it properly 
belongs. 

The eighth edition of this book has succeeded in presenting a practical, well-written ap- 
proach to orthodontics. I would recommend it to the practicing dentist as an introduction to 
the speciality of orthodontics. 

Benjamin H. Williams 











FOURTH ANNUAL ESSAY CONTEST 
Sponsored by 
THE AMERICAN DENTURE SOCIETY 


RIZES WILL BE AWARDED to the two senior dental students who 

submit the best essays on prosthetic dentistry in the fourth annual essay con- 
test sponsored by The American Denture Society. The purpose of the contest 
is to stimulate technical writing by dental students. 


The first prize is Five Hundred Dollars ($500.00) and the second prize 
is Three Hundred Dollars ($300.00). 


RULES 


1. The contest is open to all senior dental students in the dental colleges 
of the United States and Canada. 

2. Only two essays may be submitted from any one dental college. (It 1s 
recommended that each dental college conduct its own contest to de- 
termine the two best essays submitted by members of its senior class.) 

3. All essays submitted in the contest shall be accompanied by a letter from 
the professor of prosthetic dentistry and/or the dean of the dental college 
from which they originate. This provision is to assure the authenticity 
of all essays entered in the contest. 

4. For this year’s contest, essays must be postmarked on or before July 15, 
1956. 

It is recommended that students start preparing their essays by the 
middle of their junior year and complete them by the middle of their 
senior year. 

5. Essays are to be on some phase of prosthetic dentistry, and limited to 
a maximum of 2,500 words. 

6. Essays must be worthy of publication in the JouRNAL oF PROSTHETIC 
DENTISTRY. 

7. Essays must be typewritten, double spaced, on a good grade of white 
bond paper 814 by 11 inches. No carbon copies or essays on onion skin 
paper will be considered. Paragraphs must be indicated clearly by in- 
dentations, and generous margins must be allowed on each page. 

8. Illustrations must conform to the standards of the JouRNAL oF PRros- 
THETIC DENTIsTRY, if they are used. Only good glossy black and white 
photographic prints or drawings in India ink may be used. Each illustra- 
tion should be mounted on a separate sheet of paper with the figure 
number and the legend typed on the paper beneath the illustration. 
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AMERICAN DENTURE SOCIETY ESSAY CONTEST J. ont poor 


References must conform to the style used in the JouRNAL oF PRos- 
THETIC DENTISTRY. 

Essays are to become the property of The American Denture Society. 
None will be returned. 

The judges of the contest are members of a committee of The American 
Denture Society. The decision of the judges is final. 

Essays are to be clearly marked “Contest Essay” and sent, with a letter 
from the professor of prosthetic dentistry or the dean of the dental 
college indicating that this essay is an official entry from the dental 
college, to: 


Dr. Victor L. Steffel 

Secretary-Treasurer, American Denture Society 
College of Dentistry, Ohio State University 
Columbus 10, Ohio. 
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News and Notes 


ANNOUNCEMENTS 
The next meeting of the American Denture Society will be held at the Tray- 
more Hotel at Atlantic City, Sept. 28 and 29, 1956. Hotel reservations must be 
made through the American Dental Association Housing Bureau. 





The University of Pennsylvania School of Dentistry announces a postgraduate 
course, “Complete Denture Prosthesis,” to be taught by Dr. H. Milton Rode, June 
18 to 23, 1956. For further information, write to Postgraduate Courses, School of 
Dentistry, University of Pennsylvania, Philadelphia 4, Pa. 





The Veterans Administration Hospital, Iowa City, Iowa, in affiliation with 
the State University of Iowa College of Dentistry, announces that two rotating 
dental internships and one residency in Prosthetics will be available for the year 
beginning July, 1956. Application material and information may be obtained from 
the Chief, Dental Service, VA Hospital, Iowa City, Iowa. 





The Ohio State University College of Dentistry announces that it is receiving 
applications of students for the Curriculum of Dental Laboratory Technology. 
This course of study of the laboratory phases of prosthodontics extends over two 
academic years and leads to a Certificate of Graduate Dental Laboratory Tech- 
nologist. For further information write to the Chairman of Dental Laboratory 
Technology, Ohio State University College of Dentistry, Columbus 10, Ohio. 





New York University College of Dentistry announces a number of postgradu- 
ate courses in Periodontia and Oral Medicine, by Dr. Samuel Charles Miller and 
Staff. These courses are arranged in from one to four academic years. 

The Department of Periodontia and Oral Medicine of New York University 
College of Dentistry also announces its Annual Workshop on “Occlusal Equili- 
bration” to be held June 11 to 15, 1956. For further information, write to the 
Secretary, Postgraduate Division, New York University College of Dentistry, 
209 East 23rd St., New York 10, N. Y. 
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A one-year rotating internship and a two-year residency will be offered by the 
Veterans Administration Hospital at Los Angeles, California, in conjunction with 
the University of Southern California School of Dentistry at Los Angeles. A resi- 
dency candidate must have completed either an internship in an approved hospital 
or one academic year postgraduate work in an approved dental school. The annual 
stipend for the internship is $2,130; and for the residency $2,840 for the first year 
and $3,195 for the second. 

For further information and application forms, write to the Chief, Dental 
Service, Veterans Administration Center, Los Angeles 25, California. 





The Ohio State University College of Dentistry announces four postgraduate 
courses to be presented during the 1955-1956 school year. The enrollment of each 
course is limited, in order to permit intimate teaching. 

The schedule of these postgraduate courses is as follows: 

Anatomy of the Head and Neck, Dr. Linden F. Edwards, June 11 to 15. 

Clinical Periodontics, Dr. John R. Wilson, June 11 to 15. 

Periodontology and Soft Tissue Lesions, Drs. Hamilton B. G. Robinson and 
John R. Wilson, June 4 to 8. 

For further information and application, write to Postgraduate Division, Col- 
lege of Dentistry, Ohio State University, Columbus 10, Ohio. 





Erratum 


In the article by Dr. Lours ALEXANDER COHN, entitled “The Physiologic Basis for Tooth 
Fixation in Precision-Attached Partial Dentures,” which appeared in the March issue of the 
JouRNAL, pages 220-244, the following changes should be made: On page 224, line 3 should 
begin “intrusive force occurring during function.” On the same page the second line of the 
legend to Fig. 3A should begin “right maxillary second premolar.” On the opposite page, 
the fourth line of the legend to Fig. 3B should end “maxillary right second.” The D part 
of the legend to Fig. 9 on page 234 should read “A schematic drawing of the three-quarter 
inset clasp.” 
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|Hacn NEW DENTURE 
IS A PROFESSIONAL 


INVESTMENT IN FUTURE 
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Will your patient still 
praise your dentures 


Months after insertion, will your beautifully fitted den- 
tures still be praised as they deserve? Or will the patient 
blame you for discoloration from careless cleansing, or for 
loss of delicate ridges from harsh abrasive scrubbing? 

It’s “goodwill insurance”, to explain the professionally 
approved method of denture cleansing to every new den- 
ture patient. 


The “Easy”’ Way is the “Best’’ Way 


The easy way — and the best way — is the Polident way. 
Easy — because “soak-and-rinse” is so much simpler than 
“handle-and-scrub”. Best — because Polident effectively 
floats away debris, removes stains, and completely de- 
stroys all denture odors. 

It’s a sound “policy” — for protection of patients’ den- 
tures...and patients’ goodwill! 


Recommended by more dentists 
than any other denture cleanser Write for generous supply of free office samples 


July, 1956 
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